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FOREWORD TO TEACHERS 

A COURSE in biology given to beginners in the secondary school 
should have certain aims. These aims must l>e determined to a 
degree, first, by the capabilities of the pupils, second, by their 
native interests, and, third, by the environment of the pupils. 

The boy or girl of average ability upon admission to the second- 
ary school is not a thinking individual. The training given up to 
this time, with but rare exceptions, has l>cen in the forming of 
simple concepts. These concepts have Ix^n reached didactically 
and empirically. Drill and memory work have l«Tn the peda- 
gogic vehicles. Even the elementary science work given has 
resulted at the best in an interpretation of some of the common 
factors in the pupil's environment, and a widening of the mean- 
ing of some of his concepts. Therefore, the first science of the 
secondary school, elementary biology, should be primarily the 
vehicle by which the child is taught to solve problems and to think 
straight in so doing. No other subject is more capjible of logical 
development. No subject is more vital because of its relation 
to the vital things in the life of the child. A series of experiments 
and demonstrations, discussed and applied as <lefinitc concrete 
problems which have arisen within the child's horizon, will develop 
power in thinking more surely than any other subject in the first 
year of the secondary school. 

But in our eagerness to develop the power of logical thinking 
we must not lose sight of the previous training of our pupil. Up 
to this time the method of induction, that handmaiden of logical 
thought, has been almast unknown. Concepts liave been formed 
<le(luctively by a series of comparisons. All concepts hav(^ iM-en 
handed down by the authority of the teacher or the text; the 
inductive search for the unknown is as yet a closed l>ook. It is 
unwise, then, to directly intro<luce the pupil to the method of in- 
duction with a series of printetl directions which, though definite 
in the mind of the teacher liecause of liis wider horizon, mean 
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little or nothing as a definite problem to the pupil. The child 
must be brought to the appreciation of the problem through the 
deductive method, by a comparison of the future problem with 
some definite concrete exj)erience within his own field of vision. 
Then by the inductive experiment, still led by a series of oral 
questions, he comes to the real end of the experiment, the conclu- 
sion, with the true spirit of the investigator. The result is tested 
in the light of past experiment and a generalization is formed which 
means something to the pupil. 

For the above reason the laboratory problems, which naturally 
precede the textbook work, should l)e separated from the subject 
matter of the text. A textlwok in biology should serve to verify 
the student's observations made in the laboratory, it should round 
out his concept or generalization by adding such mat(»riul as he 
cannot readily observe and it should give the student directly 
such information as he cannot be expecte<l to gain directly or 
indirectly through his laboratory experience. For these reasons 
the laboratory manual has been separated from the text. 

" The lahoratory method was such an emancipation from the old-time 
bookish slavery of pre-laboratory days that we may have been inclined 
to overdo it and to subject ourselves to a new slavery. It should never 
bo for^tten that the laboratory is simply a means to the end ; that the 
dominant thing should be a consistent chain of ideas which the laboratory 
may serve to elucidate. When, however, the lalK)ratory assumes the first 
place and other phases of the course are made explanatory to it, wo have 
taken, in my mind, an attitude fundamentally wrong. The question is, 
not what typea may be taken up in the laboratory to be fitted into the 
general scheme afterwards, but what ideas are most worth while to be 
worked out and dc^veloped in the laboratory, if that happens to bo the 
best way of doing it, or if not, some other way to be adopted with perfect 
freedom. Too often our course of study of an animal or plant takes the 
easiest rather than the most illuminating path. What is easier, for in- 
stance, particularly with large classes of restless pupils who apparently 
need to be kept in a condition of uniform occupation, than to kill a supply 
of animals, preferably as near alike as possible, and set the pupils to work 
drawing the dead remains? This method is usually supplement wi by a 
series of questions concerning the remains which are sure to keep the 
pupils busy a while longer, perhaps until the bell strikes, and which usu- 
ally are so planned as to anticipate any ideas that might nltttirally crop 
up in the pupil's mind during the drawing exercise. 
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" Such an abuse of the laboratory idea is alt wrong and should be avoided. 
The ideal laboratory ought to be a retreat for rainy days ; a substitute 
for out of doors ; a clearing houB« of ideas brought iu Troni Ihti outside. 
Any course in biology which can be eonfined within four walla, even if 
these walls be of a modern, well-equipped laboratory, is in some measure 
a failure. Living things, to be appreciated and correctly interpreted, 
must be seen and studied in the open where they will be encountered 
throughout life. The place where an animal or plant is found is just at 
imporlant a ehnraelerislu: as iU shape or function. Impossible field excur- 
sions with large classes within school hours, which only bring confusion to 
inflexible school pragrams, are not necessary to accomplish this result. 
Properly administered, it is without doubt one of our most effleient de- 
vices for developing biological ideas, but the laboratory should be kept in 
its proper relation to th(.' other means at our disposal and never be allowed 
hi degenerate either into a place fur vacuous drawing cxert-isiis or a bio- 
logical morgue where dead remains are viewed." — Dr. II. E. Waller. 

For the sake of tlic pupil the numl>er of tvchnicul and scientific 
terms has been retluce<l to a minimum. The liinguage has been 
made as simple as pcssibte and the problems made to hinge upon 
material already known, by hear«ay at least, to the pupil. So far 
as consistent with a well-rounded course in the essentials of l>io- 
logical science, the interesb^ of the children have been kept in the 
foreground. In a recent questionaire sent out by the author and 
answered by over three thousand children studying biology in the 
secondary schools of Connecticut, Massachusetts, New Jersey, 
and New York by far the greatest numlter gave as the most 
interesting topics those relating to the care and functions of the 
human body antl the control and betterment of the environment. 
As would be expected, boys have different biological interests from 
girls, and children in rural schools wish to study different topics 
from those in congested tlistricts in large communities. The time 
has come when we must frankly recognize these interests and 
adapt the content of our courses in biology to inter]iret the 
immediaie world of the pupil. 

With this end in view the following pages have bfH'n writt^-n. 
This book shows t)oys and girls living in an urban community 
how they may I>est live within their own environment and how 
they may cooperate with the civic authorities for the l)etterment 
of their environment. A logical course is built up around the 
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topics which appeal to the average normal boy or girl, topics given 
in a logical sequence so as to work out the solution of problems 
bearing on the ultimate problem of the entire course, that of prep- 
aration for citizenship in the largest sense. 

Seasonal use of materials has been kept in mind in outlining 
this course. Field trips, when properly organized and later used 
as a basis for discussion in the classroom, make a firm foundation 
on which to build the sup>erstructure of a course in biolog>\ The 
normal environment, its relation to the artificial environment of 
the city, the relations of mutual give and take existing l)etween 
plants and animals, are better shown by means of field trips than 
in any other way. Field and museum trips are enjoyed by the 
pupils as well. These result in interest and in better work. The 
course is worked up around certain great biological principles; 
hence insects may be studied when abundant in the fall in connec- 
tion with their relations to green plants and esp>ecially in their re- 
lation to flowers. In the winter months material available for the 
laboratory is used. Saprophytic and parasitic organisms, wild 
plants in the household, are studied in their relations to man- 
kind, both as destroyers of food, property and life and as man\s 
invaluable friends. The economic phase of biology may well b(» 
taken up during the winter months, thus gaining variety in sub- 
ject matter and in method of treatment. The apparent emphasis 
placed upon economic material in the following pages is not real. 
It has been found that material so given makes for variety, as it 
may be assigned as a topical reading lesson or simply used as 
reference when needed. Cyclic work in the study of life phenom- 
ena and of the needs of organisms for oxygen, food, and reproduc- 
tion culminates, as it rightly should, in the study of life-processes 
of man and man's relation to his environment. 

In a course in biology the difficulty comes not so much in know- 
ing what to teach as in knowing what not to teach. Th(^ author 
believers that he has made a selection of the topics most vital in a 
well-rounded course in elementary biology directed toward civic 
betterment. The physiological functions of plants and animals, 
the hygiene* of the individual within the community, conservation 
and the betterment of existing plant and animal products, the 
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big underlying biological concepts on which society is built, have 
all been used to the end that the pupil will become a better, 
stronger and more unselfish citizen. The " spiral " or cyclic 
method of treatment has been used throughout, the purpose being 
to ultimately build up a number of well-rounded concepts by 
constant repetition but with constantly varied viewpoint. 

The sincere thanks of the author is extended to all who have 
helped make this book possible, and especially to the members 
of the Department of Biology in the De Witt Clinton High School. 
Most of the men there have directly or indirectly contributed 
their time and ideas to help make this book worth more to teachers 
and pupils. The following have read the manuscript in its entirety 
and have offered much valuable constructive criticism : Dr. Herbert 
E. Walter, Professor of Zoology in Brown University ; Miss Elsie 
Kupfer, Head of the Department of Biology in Wadleigh High 
School; George C. Wood, of the Department of Biology in the 
Boys' High School, Brooklyn ; Edgar A. Bedford, Head of Depart- 
ment of Biology in the Stuyvesant High School ; George E. Hew- 
itt, George T. Hastings, John D. McCarthy, and Frank M. Wheat, 
all of the Department of Biology in the De Witt Clinton High 
School. 

Thanks are due, also, to Professor E. B. Wilson, Professor G. N. 
Calkins, Mr. William C. Barbour, Dr. John A. Sampson, W. C. 
Stevens, and C. W. Beebe, Dr. Alvin Davison, and Dr. Frank 
Overton; to the United Statts Department of Agriculture; the 
New York Aquarium ; the Charity Organization Society ; and the 
American Museum of Natural History, for permission to copy and 
use certain photographs and cuts which have been found useful in 
teaching. Dr. Charles H. Morse and Dr. Lucius J. Mason, of the 
De Witt Clinton High School, prepared the hygiene outline in the 
appendix. Frank M. Wheat and my former pupil, John W. Teitz, 
now a teacher in the school, made many of the line drawings and 
took several of the photographs of experiments prepared for this 
book. To them esp>ecially I wish to exprcvss my thanks. 

At the end of each of the following chapters is a list of books 
which have proved their use either as reference reading for students 
or as aids to the teacher. Most of the books mentioned are within 
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the means of the small school. Two sets are expensive : one, The 
Natural History of PlantSj by Kerner, translated by Oliver, pub- 
lished by Henry Holt and Company, in two volumes, at $11 ; the 
other. Plant Geography upon a Physiological Basis, by Sehimper, 
published by the Clarendon Press, $12 ; but both works are inval- 
uable for reference. 

For a general introduction to physiological biology, Parker, 
Elementary Biology ^ The Macmillan Company; Sedgwick and 
Wilson, General Biology, Henry Holt and Company; Verw^orn, 
General Physiology , The Macmillan Company ; and Needham, Gen- 
eral Biology, Comstalk Publishing Company, are most useful and 
inspiring books. 

Two books stand out from the pedagogical standpoint as by far 
the most helpful of their kind on the market. No teacher of 
botany or zoology can afford to be without them. They are : 
Lloyd and Bigelow, The Teaching of Biology, Longmans, Green, 
and Company, and C. F. Hodge, Nature Study and Life, Ginn and 
Company. Other books of value from the teacher's standpoint 
are : Ganong, The Teaching Botanist, The Macmillan Company ; 
L. H. Bailey, The Nature Study Idea, Doubleday, Page, and Com- 
pany ; and McMurry's How to Study, Houghton Mifflin Company. 
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A CIVIC BIOLOGY 



I. THE GENERAL PROBLEM — SOME REASONS FOR 

THE STUDY OF BIOLOGY 

What is Biology? — Biology is the study of living beings j both 
plant and animal. Inasmuch as man is an animal, the study of 
biology includes the study of man in his relations to the plants 
and the animals which surround him. Most important of all 
is that branch of biology which treats of the mechanism we call 
the human body, — of its parts and their uses, and its repair. 
This subject we call human physiology. 

Why study Biology? — Although biology is a very modem 
science, it has found its way into most high schools ; and an in- 
creasingly large number of girls and hoys are yearly engaged in its 
study. These questions might well be asked by any of the students : 
Why do I take up the study of biology ? Of what practical value 
is it to me? Besides the discipline it gives me, is there anything 
that I can take away which will help me in my future life ? 

Human Physiology. — The answer to this question is plain. 
If the study of biology will give us a better understanding of our 
own bodies and their care, then it certainly is of use to us. That 
phase of biology known as physiology deals with the uses of the 
parts of a plant or animal ; human physiology and hygiene deal 
with the uses and care of the parts of the human animal. The 
prevention of sickness is due in a large part to the study of hygiene. 
It is estimated that over twenty-five per cent of the deaths that 
occur yearly in this country could be averted if all people lived in 
a hygienic manner. In its application to the lives of each of us, as 
a member of our family, as a member of the school we attend, 
and as a future citizen, a knowledge of hygiene is* of the greatest 
importance. 

Relations of Plants to Animals. — But there are other reasons 
why an educated person should know something about biology. 

15 
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16 SOME REASONS FOR STUDYING BIOLOGY 

We do not always realize that if it were not for the green plants, 
there would be no animals on the earth. Green plants furnish 
food to animals. Even the meat-eating animals feed upon those 
that feed upon plants. How the plants manufacture this food 
and the relation they bear to animals will be discussed in later 
chapters. Plants furnish man with the greater part of his food 
in the form of grains and cereals, fruits and nuts, edible roots and 
leaves; they provide his domesticated animals with food; they 
give him timber for his houses and wood and coal for his fires; 
they provide him with pulp wood, from which he makes his paper, 
and oak galls, from which he may make ink. Much of man's cloth- 
ing and the thread with which it is sewed together come from 
fiber-producing plants. Most medicines, beverages, flavoring ex- 
tracts, and spicc43 are plant products, while plants are made use of 
in hundreds of ways in the useful arts and trades, producing var- 
nishes, dyestuffs, rubber, and other products. 

Bacteria in their Relation to Man. — In still another way, cer- 
tain plants vitally affect mankind. Tiny plants, called bacteria, 
so small that millions can exist in a single drop of fluid, exist 
almost everywhere about us, — in water, soil, food, and the air. 
They play a tremendous part in shaping the destiny of man on 
the earth. They help him in that they act as scavengers, causing 
things to decay ; thus they remove the dead bodies of plants and 
animals from the surface of the earth, and turn this material back 
to the ground ; they assist the tanner ; they help make clK^est* and 
butter ; they improve the soil for crop growing ; so the farni(»r can- 
not do without them. But they likewise sometimes spoil our m(»at 
and fish, and our vegetables and fruits; they sour our milk, and 
may make our canned goods spoil. Worst of all, they cause dis- 
eases, among others tuberculosis, a disease so harmful a.s to he 
called the ** white plague." Fully one half of all yearly deaths are 
caused by these plants. So important are the bacteria that a sub- 
division of biology, called bacteriology y has been named after them, 
and hundreds of scientists are devoting their lives to the study of 
bacteria and their control. The greatest of all bacteriologists, 
Louis Pasteur, once said, " It is within the pow(?r of man to cause 
all parjisitic diseases (diseases mostly caused by bacteria) to disap- 
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pear from the world." His prophecy is gradually being fulfilled, 
and it may be the lot of some boys or girls who read this book to 
do their share in helping to bring this condition of afTalrs about. 

The Relation of Animals to Man. — Animals also play an im- 
portant part in the world in causing and carrying disease. Ani- 
mals that cause disease are usually tiny, and live in other 
animals as parasites; that Is, they get their living from their hosts 
on which they feed. Among the diseases caused by parasitic 
animals are malaria, yellow fever, the sleeping sickness, and the 
hookworm disease. Animals also carry disease, especially the 
flies and mosquitoes ; rats and other animals are also well known 
as spreaders of disease. 

From a money standpoint, animals called insects do much harm. 
It is estimated that in this coimtry alone they are annually re- 
sponsible for $800,000,000 worth of damage by eating crops, forest 
trees, stored food, and other material wealth. 

The Uses of Animals to Han, — We all know the uses man 
has made of the domesticated animals for food and as beasts of 
burden. But many other uses are found for animal products, 
and materials made from animals. Wool, furs, leather, hides, 
feathers, and silk are examples. The arts make use of ivory, tor- 
toise shell, corals, and mother-of-pearl; from animals come per- 
fumes and oils, glue, lard, and butter; animals produce honey, 
wax, milk, eggs, and various other commodities. 

The Conservation of our Natural Reeources. ~ Still another 
reason why we should study biology is that we may work under- 
standingly for the conservation of our natural resources, especially 
of our forests. The forest, aside from its Iwauty and its health- 
giving properties, holds water in the earth. It keeps the water 
from drying out of the earth on hot days and from running off on 
rainy days. Thus a more even supply of water is given to our 
rivers, and thus freshets are prevented. Countries that have been 
deforested, such as China, Italy, and part^ of France, are now sub- 
ject to floods, and are in many places barren. On the forests 
depend our supply of timber, our future water power, and the 
future commercial importance of cities which, like New York, are 
locate at the mouths of our navigable rivers. 
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Plants and Animals mutually Helpful. — Most plants and ani- 
mals stand in an attitude of mutual helpfulness to one another, 
plants providing food and shelter for animals ; animals giving off 
waste materials useful to plants in the making of food. We also 
learn that plants and animals need the same conditions in their 
surroundings in order to live : water, air, food, a favorable temper- 
ature, and usually light. The life processes of both plants and 
animals are essentially the same, and the living matter of a tree is 
as much alive as is the living matter in a fish, a dog, or a man. 

Biology in its Relation to Society. — Again, the study of biology 
should be part of the education of every boy and girl, because so- 
ciety itself is founded upon the principles which biology teaches. 
Plants and animals are living things, taking what they can from 
their surroundings ; they enter into competition with one another, 
and those which are the best fitted for life outstrip the others. 
Animals and plants tend to vary each from its nearest relative in all 
details of structure. The strong may thus hand down to their 
offspring the characteristics which make them the winners. Health 
and strength of body and mind are factors which tell in winning. 

Man has made use of this message of nature, and luis developed 
improved breeds of horses, cattle, and other domestic animals. 
Plant breeders have likewise selected the plants or seeds that have 
varied toward better plants, and thus have stocked the earth with 
hardier and more fruitful domesticated plants. Man's dominion 
over the living things of the earth is tremendous. This is due to his 
understanding the principles which underlie the science of biology. 

Finallj'^ the study of biology ought to make us better men 
and women by teaching us that unselfishness exist^s in the natural 
world as well as among the highest members of society. Ani- 
mals, lowly and complex, sacrifice their comfort and their very 
lives for their young. In the insect communities the welfare of 
the individual is given up for the best interests of the community. 
The law of mutual give and take, of sacrifice for the common good, 
is seen everywhere. This should teach us, as we come to take our 
places in society, to be willing to give up our individual pleasure 
or selfish gain for the good of the community in which we liv(\ 
Thus the application of biological principles will benefit society. 






II. THE ENVIRONMENT OF PLANTS AND ANIMALS 

Problem, — To discover nume uf tfie fnetorK of the enuiron- 
meni of plants and aniJiials. 
(a) Environment of a plant. 
(&) Environment of an animal. 
(c) Home environment of a girl or boy. 

Laboratory Suwcestions 

haborntnrg drmoitKlrations. — Factors of the environment of u living 
plant or animal in thii vivarium. 

Unmf ciercisc. — The study of the factors making up my own environ- 
ment and bow I can aid in their control. 

Environment. — Eiich oiii; of us, no matter where he iiven, comes 
in contact with certuin surroundinfp^. Air is everywhere around 
ujs; light is ncceHsary to us, so much so 
that we use artificial light ;it night. The 
city street, with its dirty and hard paving 
stones, has come to take the 
place of the soil of the village 
nr farm. Water and food are 
A necessary part of our sur- 
roundings. Our clothing, 
useful to maintain a certain 
temperature, must also be 
included. Alt these things 
— ^air, iigiit. heat, water, food — together 
make up our eneirontnent. 

.\\l other animtds, and all plants as 
well, are surrounded by and use prac- 
tically the same things from their en- 
vironment as we do. The iKjtted plant 
in the window, the goldfish in the aquarium, your pet dog at 
home, all use, as we will later prove, the factors of their environ- 
19 
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20 ENVIRONMENT OF PLANTS AND ANIMAUS 

ment in the same manner. Air, water, light, a rertiiin amount of 
heat, soil to live in or on, and food form partjs of the surroundings 
of every living thing. 

The Same Elements found in Plants 
and Animals as in their Environment. 
— It has been found by chemists that 
the plants and animals as well as their 
environment may be reduced to about 
eighty very simple substances known 
as chemical elemenU. For example, 
the air is made up largely of two ele- 
ments, oxygen and nitrogen. Wat^r, 
by means of an clrctrie current, may 
be broken up into two elements, oxygen 
and hydrogen. The elements in water 
are combined to make a chemical com- 
pound. The oxygen and nitrogen of 
the air are not so united, but exist as 
separate gases. If we were to study 





An PipprinK'iit thut ahnns thr 
■ir coutiiine about four liCths 
nitrosru. 

the chemistry of the bodies of plants and animals anil of their 
foods, we wouki find them to be made up of certain chemical 
elements combined in various complex compounds. These ele- 
ments are principally carbon, hydrogen, vxygen, nitrogen, and 
perhaps a dozen others in very minute proportions. But the 
same elements present in the living things might also Ix? found 
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in the environment, for example, water, food, tlie air, and the soil. 
It is logical to believe that living things use the chemical elements 
in their surroundings and in some won- 
derful manner build up their own bodies 
from the materials found in their en- 
vironment. How this is done we will 
learn in later chapters. 

What Plants and Animals take from 
their Environment. Air. — It is a self- 
evident fact that animals need air. 
Even those living in the water use the 
air dissolved in the water. A fish 
placed in an air-tight jar will soon die. 
It will be proven later that plants also 
need air in order to live. 

Water. — We all know that water 
must form part of the environment of 
plants and animals. It is a matter of 
common knowledge that pets need 
water to drink; so do other animals. 
Every one knows we must water a 

potted plant if we expect it to grow, chart to show thi? p?roontage 

Water is of so much importance to man ^^ chemical cioments in the 

^ human body. 

that from the time of the Caesars until 

now he has spent enormous sums of money to l)ring pure water 
to his cities. The United States government is spending millions 
of dollars at the present time to bring by irrigation the water 
needed to support life in the western desert lands. 

Light as Condition of the Environment. — Light is another im- 
portant factor of the environment. A study of the leaves on any 
green plant growing near a window will convince one that such 
plants grow toward the light. All green plants are thus influenced 
by the sun. Other plants which are not green seem either indif- 
ferent or are negatively influenced (move away from) the source 
of light. Animals may or may not be attracted by light. A 
moth, for example, will fly toward a flame, an earthworm will 
move away from light. Some animals prefer a moderate or 
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weak iiitciisHy of ligKt and livr in shady forests or jungles, 
pn)wling about at nijtht. Others seem to need much and strong 
light. And man hiniaelf 
enjoys only moilerate in- 
tensity iif light and heat. 
Look at the shady side of 
a city street on any hot 
day to prove this state- 
ment. 

Hest. — Animals and 
plants are both affected 
by heat or the absence of 
Thei-fftxt of iJKht uijoii :. Krinvii.B i.Uuit. 't- In cohl wcatlu'r greeii 
plants citlK-r die or their 
life activities are temporarily saspended, — tlie plant becomes 
dormant. Likewise small animals, such Jia iiLsects, may l>e killed 
by cold or they may hibernate under stones or boards. Their 
life activities are stilled until the coming of warm weather. Bears 
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and other large animals go to sleep during the winter and awaks 
thin and active at the approach of warm weather. Animals or 
plants used to certain temperatures are killed if removed from 
those temperatures. Even man, the most adaptable of all ani- 
mals, cannot stand great changes without discomfort and some- 
times death. He heats his houses in winter and cools them in 
summer so as to have th<! amount of heat most acceptable to him, 
i.e. about 70° Fahrenheit. 

The Environment determines the Kind of Animals and Plants 
within It, — In our study of geography we learned that certain 




luxuriant growths of trees and climbing plants were characteristic 
of the tropics with its moist, warm climate. No one would expect 
to find living there the hardy stunted plants of the arctic region. 
Nor would we expect to find the same kinds of animal life in warm 
regions as in cold. The surroundings determine the kind of living 
things there. Plants or animals fitted to lire in a given lo<:ality 
will probably be found there if they have ha<l an opportunity to 
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reach that locality. If, for example, temperate forms of life were 
introduced by man into the tropics, they would either die or they 
would gradually change so as to become fitted to live in their new 
environment. Sheep with long wool fitted to live in England, 
when removed to Cuba, where conditions of greater heat exist, 




soon died because they were not fitted or adapted to live in their 
changed environment. 

Adaptatioas. — Plants and animals are not only fitted to live 
under certain conditions, but each part of the body may be fitted to 
do certain work, I notice that as I write these words the fingers 
of my right hand grasp the pen firmly and the hand and arm exe- 
cute some' very complicated movements. This they are able to 
do because of the free movement given through the arrangement 
of the delicate bones of the wrist and fingers, their attachment 
to the bones of the arm, a wonderful complex of muscles which 
move the bones, and a directing nervous system which plans 
the work. Because of the peculiar fitness in the structure of the 
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hand for this work we say it is adapted to its function of grasping 
objects. Each part of a plant or animal is usually fitted for some 
particular work. The root of a green plant, for example, is fitte<l 
to take in water by having tiny absorbing organs growing from it, 
the stems have pipes or tubes to convey liquids up and down and 
are strong enough to support the leafy part of the plant. Each 
part of a plant does work, and is fitted, by means of certain struc- 
tures, to do that work. It is because of these adaptations that 
living things are able to do their work within their particular en- 
vironment. 

Plants and Animals and their Natural Environment. — Those 
of us who have tried to ko<'p potted pliints in the schoolroom 
know how difficult it is to ke<'p them healthy. Dust, foreign 
gases in the air, lack of moisture, anil other causes make the 
artificial environment in which they are placed unsuitable for 
them. 

A goldfish placed in a small glass jar with no food or no green 
water plants soon seeks 
the surface of the water, 
and if the water is not 
changed frequently so as 
to supply air the fish will 
die. Again the artificial 
environment lacks some- 
thing that the fish needs. 
Each plant and animal is 
limited to a certain en- 
vironment because of cer- 
tain individual needs which 
make the surroundings fit 
for it to live in. 

Changes in Environ- 
meat.^ — Most plants and 
animals do not change 
their environment. Trees, 
green plants of all kinds, 
and some animals remain 
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fixed in one spot practically all their livee. Certain tiny plants 
and most animals move from place to place, either in air, water, 
on the earth or in the earth, but they maintain relatively the 
same conditions in environment. Birds are perhaps the most 
striking exception, for some may fly thousands of miles from 
their summer homes to winter in the south. Other animals, too, 
migrate from place to place, but not usually where there are 
great changes in the surroundings. A high mountain chain with 
intense cold at the upper altitudes would be a barrier over which, for 
example, a bear, a deer, or a snail could not travel. Fish like trout 
will migrate up a stn'am until tlw^' come to a fall too high for them 
to jump. There they mu.st stop breau.se their environment limitn 
them. 

Man in his Environment. — Man. while he is like other unimals 
in requiring heat, light, water, and food, differs from them in that 
he has come to live in a 
more or less artificial en- 
vironment. Men who 
lived on the earth thou- 
sands of year ago did not 
wear clothes or have elal)- 
orate homes of wood or 
brick or stone. They did 
not us<' fire, nor did they 
eat cooked foods. In 
short, by slow degrees, 
civilized man has come to 
live in a changed environ- 
ment from that of other 
animals. The living to- 
gether of men in eom- 
niunitie.1 has caused cer- 
tain needs to develop. 
Many things can be sup- 
plied in common, as water, 
milk, foods. Wastes of all 
kinds have to be dis|Kised of in u town or city. Houses have come 
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to be placed close together, or piled on top of each other, as in the 
modern apartment. Fields and trees, all outdoor life, has practi- 
cally disappeared. Man has come to live in an artificial envi- 
ronment. 

Care and Improvement of One's Environment. — Man can 
modify or change his surroundings by making this artificial en- 
vironment favorable to live in. He may heat his dwellings in 
winter and cool them in summer so as to maintain a moderate and 
nearly constant temperature. He may see that his dwellings have 
windows so as to let light and air pass in and out. He may have 
light at night and shade by day from intense light. He may have 
a system of pure water supply and may nee that drains or sewers 
carry away his wastes. He may see to it that people ill with 
" catching " or infectious diseases are isolated or quarantined from 
others. This care of the artificial environment is known as -lanita- 
lion, while the care of the individual for himself within tlie environ- 
ment is known as hygiene. It will be the chief end of this book to 
show girls an<l boys how they may become good citizens through 
the proper control of personal hygiene and sanitation. 
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III. THE INTERRELATIONS OF PLANTS AND ANIMALS 

Problem, — To discover tlw general interrelations of green 
plants ami animals, 

(a) J^lants as /tojnes for inserts. 

(b) Plants as food for insetrts. 

(c) Inserts as jtoll inating agents. 

Labokatouy Suggkstions 

A field trip: — Object : to collect common insects and study their gen- 
oral characteristics; to study the food and shelter relation of plant and 
insects. The pollination of flowers should also be carefully studied so as 
to give the pupil a general viewpoint as an introduction to the study of 
biology. 

Laboratory exercise. — Examination of simple insect, identification of 
parts — drawing. F^xamination and identification of some orders of 
insects. 

Laboratory demonstration. — Ufe history of monarch and some other 
butterflies or moths. 

Laboratory exercise. — Study of simple flower — emphasis on work of 
essential organs, drawing. 

Laboratory exercise. — Study of mutual adaptations in a given insect 
and a given flower, e.g. butter and eggs and bumble bee. 

Demonstration of examples of insect pollination. 

The Object of a Field Trip. — Many of us live in the city, where 
the crowded streets, the closely packed apartments, and the city 
playgrounds form our environment. It is very artificial at best. 
To understand better the normal environnieni of plants or animals 
we should go into the country. Failing in this, an overgrown city 
lot or a park will give us much more closely the environment as it 
touches some animals lower than man. We must then remember 
that in learning something of the natural environment of other 
living creatures we may better understand our own environment 
and our relation to it. 

28 
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On any bright warm day in the fall we will find insects swarming 
everywhere in any vacant lot or the less cultivated parts of a city 
park. Grasshoppers, butterflies alighting now and then on the 
flowers, brightly marked hornets, bees busily working over the 
purple asters or golden rod, and many other forms hidden away 
on the leaves or stems of plants may be seen. If we were to select 
for observation some partially decayed tree, we would find it also 
inhabited. Beetles would be found boring through its bark and 
wood, while caterpillars (the young stages of butterflies or moths) 
are feeding on its leaves or building homes in its branches. Every- 
where above, on, and under ground may be noticed small forms of 
life, many of them insects. Let us first see how we would go to 
work to identify some of the <iommon forms we would be likely to 
find on plants. Then a little later we will find out what they arc 
doing on these plants. 

How to tell an Insect. — A bee is a good example of the group 
of animals we call insects. If we examine its body carefully, we 
notice that it has three regions, a 
front part or head, a middle part 
called the thorax, and a hind portion, 
jointed and hairy, the abdomen. We 
cannot escape noting the fact that this 
insect has wings with which it Hies 
and that it also has legs. The three 
pairs of legs, which are jointed and 
provided with tiny hooks at the end, 
are attached to the thorax. Two 
pairs of delicate wings are attached 
to the upper or dorsal side of the 
thorax. The thorax and indeed the 
entire body, is covered with a hard 
shell of material similar to a eow's 
, horn, there being no skeleton inside for 
the attachment of muscles. If we 
carefully watch the abdomen of a 
living bee, we notice it move up and down quite rpg:ularly. The 
snimsl is breathing through tiny breathing holes called s 
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placed along the side of the thorax and abdomen. Bees also have 
compound eyes. Wings are not found on all insects, but all the 
other characters just given are marks of the 
great group of animals we call insects. 

Forms to be looked for on a Field Trip. — 

^ Inasmuch as there are over 360,000 different 

species or kinds of insects, it is evident that it 

would bo a hopeless task for us even to think of 

recognizing all of them. But we can leam to 

poiin^ eyi' ur'aii fecognize a few examples of the common forms 

ingpot (highly luag- that might bo met on a field trip. In the fielda, 

on gross, or on flowering plants we may count on 

finding members from sis groups or orders of insects. These may 

be kno\vn by thp following characters. 

The order Hymenoptera {membrane wing) to which the bees, 
wasps, and ants lielong is the only insect group the members of 
which arc provided with true stings. This sting is placed in a 
sheath a) the extit'me hind (•n<l of the ab<lomen. Other eharac- 
teristics. which show them to be insects, have l)een given above. 

ButffTflies or moths will be found hovering over flowers. They 
belong to the order Ijcpi'loplera (s<'ale wings). This name is 
given to them Im'c.iusc their wings are covered with tiny scales, 
which fit into little sockets on the wing much as shingles are placed 
on a roof. Tlie du.st which comes off on the fingers when one 
catches a liutterfly is comixwcd of these scales. The wings are 
always large and usually brightly colored, the legs small, and one 
pair is often inconspicuous. These insects may be seen to take 
hquid food tlirough a lung tulwlike organ, called the proboscis, 
which they keep rolled up under the head when not in use. The 
young of the Itutterfly or moth are known as caterpiHars and feed 
on plants by means of a pair of hard jaws. 

Grjiisshoppers. fuumi almost everywhere, and crickets, black 
grasshopper-like insects often found under stones, lx.-tong to the 
order OrthopUra (straight wings). Members of this group may 
usually be distinguishtKl by their strong, jumping hind legs, by 
their chewing or iiiting mouth parts, and by the fact that the hind 
wings are folde<! up under the somewhat stiffer front wings. 
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Aiiuthor group uf iuscots sonictiiiii's foiitKl oti Howrrs iti (hi' fitil 
are flies. Tliey belong to the ortlt-r DipUra (two wings). Tliesv 
insects art- usually rather Rmall and li;iv>- ii single pair of gauzy 
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wings. Flies are of much importance to man because certain of 
their number are disease carriers. 

Bugs, members of the order Hemiptera (half wings), have a 
jointed proboscis which points backward between the front legs. 
They are usually small and may or may not have wings. 

The beetles or Coleoptera (sheath wings), often mistaken for 
bugs by the uneducated, have the first pair of hardened wings 
meeting in a straight line in the middle of the back, the second 
pair of wings being covered by them. Beetles are frequently found 
on goldenrod blossoms in the fall. 

Other forms of life, especially spiders, which have four pairs of 
walking legs, centipedes and millepedes^ both of which are worm- 
like and have many pairs of legs, may be found. 

Try to discover members of the six different orders named 
above. Collect specimens and bring them to the laboratory for 
identification. 

Why do Insects live on Plants ? — We have found insect life 
abundant on living green plants, some visiting flowers, others 
hidden away on the stalks or leaves of the plants. Let us next 
try to find out why insects live among and upon flowering green 
plants. 

The Life History of the Milkweed Butterfly. — If it is possible 
to find on our trip some growing milkweed, we are quite likely to 
find hovering near, a golden brown and black butterfly, the monarch 
or milkweed butterfly {Anosia plexippus). Its body, as in all 
insects, is composed of three regions. The monarch frequents 
the milkweed in order to lay eggs there. This she may be found 
doing at almost any time from June until September. 

Egg and Larva. — The eggs, tiny hat-shaped dots a twentieth of 
an inch in length, are fastened singly to the underside of milkweed 
leaves. Some wonderful instinct leads the animal to deposit the 
eggs on the milkweed, for the young feed upon no other plant. 
The eggs hatch out in four or five days into rapid-growing worm- 
like caterpillars, each of which will shed its skin several times 
before it becomes full size. These caterpillars possess, in addition 
to the three pairs of true legs, additional pairs of prolegs or cater- 
pillar legs. The animal at this stage is known as a larva. 
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Formation of Pupa. — After a life of a few weeks at most, the 
caterpillar stops eating and begins to spin u tiny mat of silk upon 
a leaf or stem. It attaches itself to this web by the last pair of 
prolegs, and there hangs in the dormant stage knbwn as the 
ckrysalia or pupa. This is a resting stage during which the liody 
changes from a cater- 
pillar to a Ijutterfly, 

The Adult. — After 
a week or more of 
inactivity in the pupa 
state, the outer skin 
is split along the 
back, and the adult 
butterfly emerges. At 
first the wings are soft 
and much smaller 
than in the adult. 
Within fifteen minutes 
to half an hour after 
the butterfly emerges, 
however, the wings 
are full-sized, having 
been pumped full of 
blood and air, and the 
little insect is ready 
after her wedding flight 
to follow her instinct 
to deposit her eggs on 
a milkweed plant. 

Plants furnish Insects with Food, 
factor of any animal's environment, 




History.) 



Food is the most important 
The insects wliich we have 
field trip feed on the green plants among which they 
live. Each insect has its own particular favorite food plant or 
plants, and in many cases the e^s of the insect are laid on the 
food plant so that the young may have food close at hand. Some 
insects prefer the rotted wood of trees. An American zoologist, 
Packard, has estimated that over 450 kinds of insects live upon 
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oak trees alone. Everywhere animals are engaged in taking their 
nourishment from plants, and millions of dollars of damage is done 
every year to gardens, 
fruits, and cereal crops 
by insects. 

All Animals depend on 
Green Plants. ^ — ^But in- 
sects in their turn are the 
food of birds ; cats and 
dogs maj' kill birds ; lions 
or tigers live on still larger 
defenseless animals as deer 
or cattle. And finally 
comes man, who eats the 

IM.,.,«e .lo,,. l.y m«,Tt-.. Ih™. Ire^B huvr [^.jj^,, „f ^^^^^^ j^j^^g ^„j 
hcea killed by boriiig insects. r. - 

animals. But if we reduce 
this search after food to ita final limit, we see that green plants 
provide all the food for animals. For the lion or tiger eats the 
deer which feeds upon grass or green shoots of young trees, or 
the cat eats the bird that lives on weed seeds. Green plants 
supply the food of the world. Later by experiment we will prove 
this. 

Homes and Shelter. — After a field trip no one can escape the 
knowledge that plants often give animals a home. The grass 
shelters millions of grasshoppers and countless hordes of other small 
insects which can be obtained )jy sweeping through the grass with 
an insect net. Some insects build their homes in the trees or 
bushes on which they feed, while others tunnel through the wood, 
making homes there. Spiders build webs on plants, often using 
the leaves for shelter. Birds nest in trees, and many other wild 
animals use Ihe forest as their home. Man has come to use all 
kinds of plant products to aid him in making his home, wood and 
various fibers l>eing the most important of these. 

What do Animals do for Plants? — So far it has seemed that 
green plants benefit animals and receive nothing in return. We 
will lat<^r see that plants and animals together form a balance of life 
on the earth and that one is necessary for the other. Certain 
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substtuieeti found in the body wastes from animals are necessary 
to the life of a green plant. 

Insects and Flowers. — Certain other problems can be worked 
out in the fail of the year. One of these is the biological interre- 
lations between insects and flowers. It is easy on a field trip to 
find insects lighting upon flowers. They evidently have a reason 
for doing this. To find out why they go there and what they do 
when there, it will be first necessary 
for us to study flowers with the idea 
of finding out what the insects get 
from them, and what the flowers 
get from the insects. 

The Use and Structure of a 
Flower. — It is a matter of common 
knowledge that flowers form fruits 
and that fruits contain seeds. They 
are, then, very important parts of 
certain plants. Our field trip shows 
us that flowers are of various shapes, 
colors, and sizes. It will now be 
our problem first to learn to know 
the parts of a flower, and then find 
out how they are fitted to attract 
and receive insect visitors. 

The Floral Envelope. — In a 
flower the expanded portion of thu 
flower stalk, which holds the parts 
of the flower, is called the receplaclp. 
The green leafiike parts covering the 
unopened fiower are called the septils. 
Tc^ether they form the calyx. 

The more brightly colored slructurcn 
are the petals. Together they form 

the corolla. The corolla is of importami', at; we shall «■(■ later, 
in making the flower conspicuous. Frequently the petals or 
corolla have bright marks or dots which lead down to the })ase of 
the cup of the flower, where a sweet fluid called neclar is made and 
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sccn^tcxl. It is principally this food substance, later made into 
honey by bees, that makes flowers attractive to insects. 

The Essential Organs. — A flower, however, could live without 
sepals or petals and still do the work for which it exists. Certain 
essential organs of the flower are within the so-called floral envelope. 
They consist of the statnens and jrisiily the latter being in the center 
of the flower. The structures with the knobbed ends are called 
stamens. In a single stamen the boxlike part at the end is the 
anther; the stalk which holds the anther is called the filament. 
The anther is in reality a hollow box which produces a large 
nurabiT of little grains called pollen. Each pistil is composed of 
a ratluT stout base called the ovary ^ and a more or less lengthened 
portion rising from the ovary called the style. The upper end of 
the styl(^, wliich in some ciuses is somewhat V)roadencd, is called the 
stigma. The free end of the stigma usually secretes a sweet fluid 
in which grains of pollen from flowers of the same kind can grow. 

Insects as Pollinating Agents. — Insects often visit flowers to 
obtain pollen as well as nectar. In so doing they may transfer 
some of the pollen from one flower to another of the same kind. 
This transfer of pollen, called pollinaiion, is of the gre^itest use to 
the plant, as we will later prove. No one who sees a hive of bees 
with their wonderful t'ommunal life can fail to see that these insects 
play a great j^art in the life of the flowers near the hive. A famous 
observer named Sir John Lubbock tested bees and wasps to sec 
how many trips they made daily from their homes to the flowers, 
and found that the wasp went out on 116 visits during a working 
day of 16 hours, while the bee made but a few less visits, and 
worked only a little less time than the wasp worked. It is evident 
that in the course of so many trips to the fields a bee must light on 
hundreds of flowers. 

Adaptations in a Bee. — If we look closely at the bee, we find the 
body and legs more or less covered with tiny hairs ; especially are 
these hairs found on the legs. When a plant or animal structure 
is fitted to do a certain kind of work, we say H is adapted to do that 
work. The joints in the leg of the bee adapt it for complicated 
movements; the arrangement of stiff hairs along the edge of a 
concavity in one of the joints of the leg forms a structure well 
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adapted to hold pollen. In this way pollen is collected by the bee 
and taken to the hive to be used as food. But while gathering 
pollen for itself, the dust in caught on the hairs and ether pro- 




jections on the body or legs and i.s thus carried from Howcr to 
flower. The value of this to a flower we will see later. 

Field Work. — Is Color or Odor in a Flower an Attraction to an Insect 7 
— Sir John Lubbock tried an ex])crinipnt which it would pay a number of 
careful pupils to repeat. He placed a few (iro])s of honey on glass slips 
and placed them over papers of various colors. In this way he found that 
the honeybee, for example, could evidently (listinguiah diffiTcnt i-olors. 
Bees seemed to prefer blue to any other color. Flowcr.s of a yellow or 
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some metho<l by whi(rh you can ilccide wbetlier a 
to a flower by odor atone. 

The Sight of the Bumblebee. — The large eyes located on tliP 
sides of the head are made up of a largo number of Htth^ units, 
each of which is considered to be a very simple eye. The large 
eyes are therefore called tlie compound eyes. All insects arc pro- 
vided with compound eyes, with simple eyes, or in most cases 
with both. The simple eyes of the bee may he found by a careful 
observer between and above the compound eyes. 



in color nt Home distance 
S 



38 INTERRELATIONS OF PIjVNTS AND ANIMALS 

Iiisetit'K ciiii, as we have already learned, distinj^uish differences 
they can see mailing objects, but they 
do not seem to be able 
^ to make out form well. 

To make up for this, 
they appear to have 
an extremely well- 
developed sense of 
smelt. Insects can dis- 
tinguish at a great dis- 
tance odors which to the 
human nose are indis- 
tinguishable. Night- 
flying insects, espe- 
cially, find the flowers 
by the odor rather 
than by color. 

Mouth Parts of the 
Bee. — The mouth of 
the Ih'o is iidaptod to 
take in the foods we 
:l is usihI for the purpases for which man 
wouki use the hands anil fingers. The honcylM^e laps or sucks 
nectar from flowers, it chews the pollen, and it uses part of the 
mouth as a trowel in making the honeycomb. The uses of the 
moutli parts may be made out by watching a bee on a well-opened 
flower. 

Suggestions for Field Work. — In any locality where flowers are abun- 
dant, tr\' to answer the following questions: How many hecs visit the 
locality in ten niinates? How many other insects alight on the flowers? 
Do bees visit flowers of the same kinds in succesaion, or fly from one 
flower on a given plant to another im a plant of a different kind? If the 
bee lights on a flower cluster, does it visit more than one flower in the 
same cluster? How does a bee uliKlit? Exactly what does the bee do 
when it alights? 

Butter and Eggs (Linan'a vulgaris). — 
thiH very abundant weed may he found ( 




Thi- hciMl of a U-,: 
K, roiiip<iuiKl i-yi': 
parts: T. toiiB"''. 

have mentioned. : 






From July to October 
ipecially along roadsides 
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and in Hunny fields. The flower cluster 
forms a tall and conspicuous cluster of 
orange and yellow flowers. 

The corolla projects into a spur on 
the lower side ; an upper two-parted 
Up shuts down upon a lower three- 
parted lip. The four stamens are in 
pairs, two long and two short. 

Certain parts of the corolla are more 
brightly colored than the rest of the 



fJower. This color is a 
guide to insects. But- 
ter and eggs is visited 
most bj' bumblebees, 
which arc guided by 
the orange lip to alight 
just where they can 
push their way into 
the flower. The bee, 
seeking the nectar secreted in the spur, 
brushes his head and shoulders against 
the stamens. He may then, as he pushes 
down after nectar, leave some pollen upon 
the pistil, thus assisting in self-poUinalion. 
Visiting another flower of the cluster, it 
would l)e an easy matter accidentally to tran.sfer 
Diagram i 
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this pollen to the stigma of another flower. In this way pollen 
is carried by the insect to another flower of the same kind. Thiii 
is known as cross-pollination. By pollination we mean the transfer 
of pollen from an anther to the stigma of a fimoer. Self-pollination is 
the transfer of pollen from the anther to the stigma of the same flower; 
cross-^ollinalion is the transfer of pollen from the anthers of one 
flower to the stigtna of another flower on the same or another j^ni 
of the same kind. 

History of the Discoveries regarding Pollination of Flowers. — 
Although the ancient Oreek and Roman naturalists had some vague 
itloaa on the 8ul)joct of pollina- 
tion, it was not until the first 
part of the nineteenth (;entury 
that a book appeared in which 
ji German named Conrad 
Sprengel worked out the facts 
that the structure of certain 
flowers seemed to be adapted 
to the visits of insects. Cer- 
tain facilities were offered to 
an insect in the way of easy 
foothold, sweet odor, and 
especially food in the shape of 
pollen and nectar, the latter a 
sweet-tasting substance manu- 
factured by certain parts of the 
flower known as the neetar 
glands. Sprengel further dis- 
covered the fact that pollen 
could be and was carried by 
insect visitors from the 
anthers of the flower to its 
stigma. It was not until the middle of the nineteenth century, 
however, that an Englishman, Charles Darwin, applied Sprengel's 
discoveries on the relation of insects to flowers by his investiga- 
tions upon cross- |X) Hi nation. The growth of the pollen on the 
atigma of the flower results eventually in the production of seeds, 
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and thus new plants. Many species of flowers are self-pollinated 
and do not do so well in seed production if cross-pollinated, but 
Charles Darwin found that some flowers which were self-pollinated 
did not produce so many seeds, and that the plants which grew from 
their seeds were smaller and weaker than plants from seeds pro- 
duced by cross-pollinated flowers of the same kind. He also found 
that plants grown from cross-pollinated seeds tended to vary more 
than those grown from self- pollinated seed. This has an important 
bearing, as we shall see later, In the production of new varieties 
of plants. Microscopic examination of the stigma at the time of 
pollination also shows that the pollen from another flower uisually 
germinates bc^fore the pollen which has fallen from the anthers of 
the sam<^ flowiir. This latter fact alone in most cji-ses renders it 
unlikely for a flower to produce seeds by its own pollen. Darwin 
worked for years on the pollination of many insect- visited flowers, 
and discovered in altuost every case that showy, sweet-scented, 
or otherwise attractive flowers were adapted or fitted to be cross- 
pollinated by insects. He also found that, in the caae of flowers 
that were inconspicuous in appearance, often a compensation 
appeared in the odor which rendered them attractive to certain 
insppts. The so-called carrion flowers, pollinated by flies, are 
examples, the odor in this case being like decayed flesh. Other 
flowers open at night, are white, and provided with a i>owerful 
scent. Thus thoy attract night-flying moths and other insects. 

Otber Examples of Mutual Aid between Flowers and Insects. — 
Many other examples of adaptatit»ns to secure cross-pollination 
by mean!< of the vLsits of inseets might be given. The mountain 
laurel, which makes our hillsides so beautiful in late spring, shows 
a remarkable adaptation in having the anthers of the stamens 
caught in little pockets of the corolla. The weight of the visiting 
insect on the corolla releases the anther from the pocket in which 
it rests so that it springs up, dusting the body of the visitor with 
pollen. 

In some flowers, as shown by the primroses or primula of our 
hothouses, the stamens and pistils are of different lengths in different 
flowers. Short styles and long or high-placed filaments are found 
in one flower, and long styles with short or low-placed filaments 
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in the other. Pollination will be efTected only when some of the 
pollen from a low-placed anther reaches the stigma of a short- 
styled flower, or when the pollen from a high anther is placed upon 
a long-styled pistil. 
There are, as in the 
case of the loosestrife, 
flowers having pistils 
and stamens of three 
lengths. Pollen only 
grows on pistils of the 
same length as the 
. istamens from which it 
ciune. 
; spiked 7he milkweed or 
butterfly weed already 
mentioned is another example of a flower adapted to insect pol- 
lination.' 

A verj' rcmarkabU^ instance of insect help is found in the polli- 
nation of the yucca, a semitropical lily 
which lives in deserts {to l>e scon in 
most botanic gardens). In this flower 
the stigmatic surface is above the 
anther, and the pollen is sticky and 
cannot be transferred except by insect 
aid. This is accomplished in a re- 
markable manner, A little moth, 
called the pronuba, after gathering 
pollen from an anther, deposits an egg 
in the ovary of the pistil, and then 
rubs its toa<l of pollen over the stigma ''"'"■ ^'■""!|[|."„fl"o|;. *'*'''" "''' 
of the flower. The young hatch out 

and feed on the young seeds which have grown because of the 
pollen placed on the stigma by the mother. The baby cat«r- 

■ For an eicollpot ai-count uC cross-pcjlliiiutioii u( this Howit. Ihp reader ia re- 
ferred to W. C. Sl>-vpn», InlrMlurlian to Botanu. OrchiHn urp well known (o botan- 
ists a* showiiiK stinw vco' wmidrrftil iidnt>tRtinuN. A rloSHir OHKily n'lid is Darwin, 
On Mc Ftriaiuiiion of Orehiitii. 
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pillars cat some of the devel- 
oping seeds and later bore 
out of the seed pod and 
escape to the ground, leav- 
ing the plant to develop 
the remaining seeds without 
further moli-station. 

The fig insect (Blastophagn 
grossoritm) in another mem- 
ber of the insect trifx' that 
is of considerable economic 
importance. It is only in Tht 





Pod of yucca eliuwitig 
where the youii( 
nubaa eBTttpcd. 

the gallflies it has been possible to grow figs i 



growers of California have 
discovered that the fertilization of the female 
flowers is brought about by a gallfly which 
bores into the young fruit. By importing 
where for many 
years it was believed that tlie elimate prevente<l figs from 
ripening. 

Other Flower Visitors. — Other insects besides those already 
mentioned are pollen carriers for flowers. Among the most use- 
ful are moths and butterflies. Projecting from each side of the 
head of a butterfly is a fluffy structure, the palp. This collects 
and carries a large amount 
of pollen, which is deposited 
upon the stigmas of other 
flowers when the butterfly 
pushes its head down into 
the flower tube after nectar. 
The scales and hairs on the 
wings, legs, and body also 
carry pollen. 

Flies and some other in- 
sects are agents in cross- 
pollination. Humming birds 
are also active agents in 
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somp flowers. Snails are said in rare instances to carry poUeo. 
Man and the domesticated animals undoubtedly frequently 
pollinate flowers by brushing past thpm through the fields. 

Pollination by the Wind. — Not all flowers are dependent upon 
insects or other animals for cross-pollination. Many of the earliest 
of spring flowers appear almost before the insects do. Such flowers 
are dependent upon the wind for carrying pollen from the stamens 




of one flower to the pistil of another. Most of our common trees, 
oak, poplar, ma])Ie, and others, are cross-pollinated almost en- 
tirely by the wind. 

Flowers pollinated by the wind arc generally inconspicuous 
and often lack a corolla. The anthers are exposed to the wind 
and provided with much pollen, while the surface of the stigma 
may be long and feathery. Such flowers may also lack odor, nectar, 
an<l bright color. Can you tell why ? 

Imperfect Flowers. — ■ Some flowers, the wind-pollinated ones 
in particular, are imperfect ; that is, they lack either stmnens 



INTERRELATIONS OF PLANTS AND AN1MAL8 45 



or pistils. Again, in some cases, imperfect flowers liuving stiimciis 
only are alone found on one plant, while those flowers having 
pistils only are found on another plant of the same kin<l. In such 
flowers, crosa-pollination must of necessity follow. Many of our 
common trees are examples. 

Other Cases. - — The stamens and pistil ripen at different times 
in some flowers. The " Lady Washington " geranium, a common 




is witherrd and rip? pistil. 






house plant, shows this condition. Here also croas-polUnation must 
take place if seeds are to be formed. 

Summary. — If we now collect our ol)si^rvations upon flowers 
with a view to making a summary of the different devices flowers 
have assumed to prevent self-pollination and tu secure crass- 
poUination, we find that they are as follows : — ■ 

(!) The statnenn and pialilx may be found in separate /lowerx^ 
either on the same or on different planli. 

(2) The stantens may produce pollen before the piitil is ready to 
receive it, or rice versa. 

(3) The stamens and pistils may be so placed ipifh reference to each 
other thai pollination can be brought about only by outside assistance. 
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Artificial Cross-pollination and its Practical Benefits to Man. — 
Artificial cross-pollination is practiced by plant breeders and can 
easily be tried in the laboratory or at home. First the anthers 
must be carefully removed from the bud of the flower so as to elim- 
inate all possibility of self-pollination. The flower must then be 
covered so as to prevent access of pollen from without ; when the 
ovary is sufficiently developed, pollen from another flower, having 
the characters desired, is placed on the stigma and the flower 
again covered to prevent any other pollen reaching the flower. 
The seeds from this flower when planted may give rise to plants 
with the best charactcTs of each of th(^ plants which contributed 
to the making of th(^ seeds. 
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IV. THE FUNCTIONS AND COMPOSITION OF LIVING 
THINGS 

l'robtem». — To di.Kfoufr tlw. fitneti^itin of living matter, 
id) In a living jAant. 
ib) In a living an.ini'OJ. 

Ladobatohy SunnKSTroNs 



l.ahoTolory sludy o/ a lii-ing plant. — Any wholf plant may be uscci ; a 
we«d ia preferable. 

LaboraUiry demonitralion or hrime M'lrly. — 'Vhf' functions of a living 
animal. 

Detnonttralion. -~ The growth of pollen tubes. 

Laboratory vierciac. — The (rrowth of the mature ovary into the fruit, 
e.g. b4-an or poa pod. 

A Living Plant and a Living Animal Compared. — A walk into 
the fields or any vacant lot on a day in the early fall will uive us 
first-hand acquaintance with many common plants which, be- 
cause of their ability to grow under somewhat unfavorable condi- 
tions, are called weeds. Such plants — the dandelion, butter and 
eji^s, the shepherd's purse — are particularly well fitted by na- 
ture to produce many of their kind, and by this means drive out 
other plants which cannot do this so well. On these or other 
plants we find feeding several kinds of animals, usually insects. 

If we attempt to compare, for example, a grasrihopper with the 
plant on which it feeds, we .sec several points of likeness and dif- 
ference at once. Both plant and insect arc made up of parts, 
each of which, as the stem of the plant or the log of the insect, 
appears to be distinct, but which is a part of the whole living plant 
or animal. Each part of the living plant or animal which has a 
separate work to do is called an organ. Thus plants aii<l 
animals are spoken of as living organisms. 
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Functions of the Parts of a Plant. — We are al! familiar with 

the parta of a plant, — the root, stem, leaves, flowers, an<i fruit. 
But we may not know so much about their uses to the plant. Each 
of these structures differs from every other 
part, and each haa a separate work or func- 
tion to perform for the plant. The root 
holds the plant firmly in (he ground and takes 
in water and mineral nuiller from the soil; 
the stem holds the leaves up to the light and 
acts as a pathway for fluids bctiveen the root 
and leaves; the leaees, under certain condi- 
tions, manufacture food for the plant and 
breathe; the flowern form the fruils : the fruits 
hold the seeds, which in turn hold young 
plants which are capable of reproducing aduU 
plants of the same kind. 

The Functions of an Animal. — As we 
have already seen, the grasshopper has a 
head, a jointeti bo<fy composed of a middle 
and a hind part, three pairs of jointed legs, 
and two pairs of wings. Obviously, the 
wings and legs are used for movement; a 
A wr>..ri — niJtiiT Uif uii- carcful watching of the hind part of the 
nnimal shows us that breathing movements 
are taking place; a bit of grass placed before it may be eaten, 
the tiny black jaws biting little pieces out of the grass. If 
disturbed, the insect hops away, and if we try to get it, it jumps 
or flies away, evidently seeing us Ijefore we can gntsp it. Hundrtds 
of little gr;ts-<h uppers ou the grtuss indicate that the gras.shopper 
can reproduce its own kind, but in other respeirts the animal seems 
quite unlike the plant. The animal moves, breathes, feeds, and 
has sen.siition, while apparently the plant does none of these. It 
will Ik( the purpose of later ehapt^-rs to prove that the functions 
of plants and animals are in many res))ects similar and that both 
plants an<I animals breathe, feed, and reproduce. 

Organs. — ■ If we Umk carefully at the organ of a plant i-alled a 
leaf, we lind that the maU'rial.s of which it is i'om|»iS(^<l do not ap- 
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pear to be everywhere the same. 

The leaf is much thinner and 

more delicate in some parts 

than in others. Holding the 

flat, expanded blade away from 

the branch is a little stalk, 

which extends into the blade of 

the leaf. Here it splits up into 

a network of tiny " veins " 

which evidently fonn a frame- 
work for the flat blade some- 
what as the sticks of a kite 

hold the paper in place. If we 

examine under the compound 

microscope a thin section cut 

across the leaf, we shall find 

that the veins as well as the 

other parts are made up of many tiny boxlike units of various 

sizes and shapes. These smallest units of building material of the 
plant or animal disclosed by the 
compound microscope are called 
cells. The organs of a plant or 
animal are built of these tiny 
structures. 

Tissues.' — The cells which 
form certain parts of the veins, 
the flat blade, or other portions 
of the plant, are often found in 
groups or collections, the cells 
of which are more or less alike 
animal tissue can be uaixl to deman- 
Iripped from the body of the frog or 
nouth. The thiii skin from an onion 
IS do thin sections of a young etcm. as 
I atudy a tissue and the cells of which 
, the cells 



Section throuKh the blade of a leaf, e, 
ctlls of the apper surface ; d. cells of the 
lower surface : i. air spaces in the leaf ; 
t, vein in cross sections : p. green cells. 




Several cells of Elalea. a water plant 

M.. chlorophyll bodies: c.t„ cell sap 

C.U7., cell wall; n.. oueleus: p. proto- 

fdasm. The arrows show the direc 

tioD of the protoplasniic movement. 

' To the Teacher. — Any simple plant o 

strata the ceU. Epldernaal cells may be : 

obtained by scraping the inside of one's 

Stained with tincture of iodine shows well. 

Uie bean or pea. One of the best places t 

is composed is Id the leaf o( 



Me large, and not only their outline, but the movement of the living n: 

the cells, may easily be seen, and the parts described in the next pBrBgraph can 

be demonatrated. 

BUNTER, CIV. Bi. — 4 
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in size and shapo. Such a collection of cells is called a tissue. 
Examples of tissues art- the cells <'overing the outsidi^ of the human 
body, the muscle cells, which collectively allow of movement, bony 
tissues which form the framework to which the muscles are at- 
tached, and many others. 

Cells. — A cell nmy be defined as a tiny masa of living malier 
containing a nucleus, either lieiiuj alone or forming a unit of 
the building material of a tiring thing. The 
living matter of which all cells are formed is 
known as pnitoplaxiii (formed from two Greek 
words meaiiinff firKl form). If we examine 
under a compound microscope a small bit of 
the water plant Ehdeo, we sih' a numl)er of 
structures resembling bricks in a wall. B^ach 
" brick," however, is really a plant cell 
^ ao«L ■ ^n' f^^i w'ji'- l-ounded by a thin wall. If wc look carefully, 
n.. iiukIcub: f)., pri)to- we can see that the material inside of this wall 
'' '"■ is slowly moving and is carrying around in its 

substance a number of little green bodies. This moving substance 
is living matter, the proldpliusiii of the cell. The green iMxiies 
(the chlorophyll bodies) w<' shall learn more about later; they are 
found only in jilant cells. All plant and animal cells appear 
to l)e alike in the fact that every living cell jx^sses-ses a structure 
known as the imcleu--' (pi. nuriri). which is found witliin the body 
of the cell. This nucleus Is not easy to find in the cells of Elodea. 
Within the nucleus of all cells are found certain bodies called 
chromosomes. These chromosomes in a given plant or animal are 
always constant in nimiber. These chromosomes are supposed to 
be the bf-ansrs of the qualities which we Ix-lieve c^an be handed 
down from plant to plant and from animal to animal, in other 
words, the inheritable qualities which make the offspring like its 
parents. 

How Cells form Others. — Cells grow to a certain .size and then 
split into two new cells. In this process, which is of very great 
importance in the growth of both plants and animals, the nucleus 
divides first. The chromosomes also <livide, each .splitting length- 
wise and the parts going in equal numbers to each of the two eelU 
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formed from the old cell. In this way the matter in the chromosomes 
is divided equally between the two new cells. Then the rest of 
the protoplasm separates, and two new cells are formed. This 
process is known as ^s- 
sion. It is the usual 
method of growth found 
in the tissues of plants 
and animals. 

Cells of Various Sizes 
and Shapes. — Plant 
cells and animal cells are 
of very diverse shapes 
and sizes. There are 
cells so large that fhcy j , 

can easily be seen with stugm in the aiviaion oc one cell to form two. 
the unaided eye; for ^^ b™X'V/tho\'hrl>m^om™ ' ' * Whutsecme 
example, the root hairs 

of plants and e^s of .lome animals. On the other hand, cells 
may be so minute, as in the ca.se of the plant cf lis named Imcleria, 
that several million might be present in a few drops of milk. The 
forms of cells may be extremely varied in different tissues; they 
may assume the form of cubes, columns, spheres, fljit plates, or 
may be extremely irregular in shape. One kinii of tissue cell, 
found in man, has a body so small as to be quite invisible to the 
naked eye, although it has a prolongation several feet in length. 
Such are some of the cells of the nervous system of man and other 
large animals, as the ox, elephant, and whale. 

Varying Sizes of Living Things. — Plant cells and animal cells 
may live alone, or they may form colhictions of cells. Some 
plants are so simple in structure as to Ik- formed of only one kind 
of cells. Usually living organisms are compasf^d of several groups 
of different kinds of cells. It is only necessary to «rall attention 
to the fact that such collections of rcUs may form organisms so 
tiny as to be barely visible t<j the eye ; as, for instance, some of tin- 
small flowerless plants or many of the tiny animals living in fresh 
water or salt water. On the other hand, among animals, the bulk 
of the elephant and whale, and among plants the big trees of Cali- 
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fomia, stand out as notable examples. The large plants and ani- 
mals are made up of morey not necessarily larger, cells. 

What Protoplasm can Do. — It responds to influences or stimu- 
lation from without its own substance. Both plants and animals 
are sensitive to touch or stimulation by light, heat or cold, certain 
chemical substances, gravity, and electricity. Green plants turn 
toward the source of light. Some animals are attracted to light 
and others repelled by it ; the earthworm is an example of the 
latter. Protoplasm is thus said to he irritable, 

Protoplasin has the power to contract and to move. Muscular 
movement is a familiar instance of this power. Movement 
may also take place in plants. Some plants fold up their leaves 
at night ; others, like the sensitive plant, fold their leaflets when 
touched. 

Protoplasm can form new living mMter ovi of food. To do this, 
food materials must be absorbed into the cells of the living 
organism. To make protoplasm, it is evident that the same chem- 
ical elements must enter into the composition of the food sub- 
stances as are found in living matter. The simplest plants and 
animals have this wonderful power as certainly developed as the 
most complex forms of life. 

Protoplasm y he it in plant or animal ^ hreathes and throws off waste 
m^erials. When a living thing does work oxygen unites with food 
in the body ; the food is burned or oxidized and work is done by 
means of the energy released from the food. The waste materials 
are excreted or passed out. Plants and animals alike pass off the 
carbon dioxide which results from the oxidation of food and of 
parts of their own bodies. Animals eliminate wastes containing 
nitrogen through the skin and the kidneys. 

Protoplasm can reproduce^ that isy form other matter like itself. 
New plants are constantly appearing to take the places of those 
that die. The supply of living things upon the earth is not de- 
creasing; reproduction is constantly taking place. In a general 
way it is possible to say that plants and animals reproduce in a 
very similar manner. 

The Importance of Reproduction. — Reproduction is the final 
process that plants and animals are called upon to perform. 
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Without the formation of new living things no progress would be 
possible on the earth. We have found that insects help flowering 
plants in this process. Let us now see exactly what happens 
when pollen is placed by the bee on the stigma of another flower 
of the same kind. To understand this process of reproduction in 
flowers, we must first study carefully pollen grains from the anther 
of some growing flower. 

Pollen. — Pollen graias of various flowers, when seen under the 
microscope, differ greatly in form and appearance. Some are rela- 
tively large, some small, some rough, othi^rs smooth, some spherical, 




Pollen grairiB o( iliffcrpiit shai)P» 

and others angular. They all agree, however, in having a thick 
wall, with a thin membrane under it, the whole inclosing a mass 
of protoplasm. At an early sti^^e the pollen grain contains but a 
single cefl. A little later, however, two nuclei may be found in the 
protoplasm. Hence we know that at least two cells exist there, one 
of which is called the sperm cell ; its nucleus is the sperm nucleus. 
Growth of Pollen Grains. — Under certain conditions a pollen 
grain will grow or germinate. This 
growth can be artificially produced in 
the laboratory by sprinkling pollen 
from well-opened flowers of sweet pea 
or nasturtium on a solution of 15 , 
parts of sugar to 100 of water. Left \ 
for a few hours in a warm and moist 
place and then examined under the 
microscope, the grains of pollen will 
be found to have germinated, a long, ^ 

thre^ilik. mu« of protoplasm grow- " j::!;*°S°.rid";"n"1i 
ing from it into the sugar solution, this stage ol its growth. 
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lily) lengthwise, wc notice that the sty 
of rather spongy material in the in- 
terior; the ov:iry is hollow and is 
seen to eontuin a number of rounded 
structures which appear to grow out 
from the wall of the ovary. Tliose 
are the ovules. The ovules, under 
certain conditions, will l>ecome seertii. 
An explanation of these conditions 
may be had if we examine, under 
the microscope, a very thin section 
of a pistii, on which pollen has l>o- 
gun to germinat<'. Tlie central part 
of the style is found to he oither 
hollow or compose<l of a soft tissue 
through which the pollen tube can 
easily grow. Ujxjn germination. 
th"! pollen tube grows downwanl 
through the spongy center of the 
style, follows the path of least resist- 
ance to the space within the ovary, 
and there enters the ovule. It is 
believed that some chemical intlu- 



The presence of this sugar 
solution was sufficient to 
induce growth. When the 
pollen grain germinates, 
the nuclei enter the thread- 
like growth {this growth is 
called the pollen tube; see 
Figure) . One of the nuclei 
which grows into the pollen 
tub(! is known as the sperm 

Fertilization of th« 
Flower. — If we cut the 
pistil of a large flower (as a 

api»ears to l>e composed 




i.:.of Uk>..vu1.\ AQow.r 
VII IpiiKthwiso (uiily ono 
>wii). The piil-a tube it 
toriiii; the ovul.t. a, aD> 
filuniniit : pa. polIcQ gruD; 
pi, pollpn; 
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ence thus attracts the pollen tube. When it reaches the ovary, 
the sperm cell penetrates an ovule by making its way through a 
little hole called the micropyk. It then grows toward a clear 
bit of protoplasm known as the embryo sac. The embryo sac is 
an ovoid space, microscopic in size, filled with semifluid protoplasm 
containing several nuclei. (See Figure.) One of the nuclei, with 
the protoplasm immediately surrounding it, is called the egg cell. It 
is this cell that the sperm nucleus of the pollen tube grows to- 
ward ; ultimately the sperm nucleus reaches the egg nucleus and 
unites with it. The two nuclei, after coming together, unite to form 
a single cell. This process is kiwwn as fertilization. This single 
cell formed by the union of the pollen tul>e cell or sperm and the 
egg coll is now called a fertilized etjg. 

Devalopment of Ovule into Seed. — The primary reason for 
the existence of a flower is that it may produce seeds from which future 
plants will grow. After fertilization the ovule grows into a seed. 
The first beginning of the growth of the seed takes place at the 
moment of fertilization. From that time on there is a growth 
of the fertilized eg? within the ovule which makes a baby plant 
called the embryo. The embryo idll give rise to the adult plant. 

A Typical Fruit, — the Pea or Bean Pod. — 
If a withered flower of any one of the pea or 
bean family is examined carefully, it will he 
found that the pistil of the flower continues to 
grow after the rest of the flower withers. If 
we remove the pistil from suth a flower and 
examine it carefully, we find that it is the 
ovary that has enlarged. The space within 
the ovary has become nearly filled with a 
number of nearly ovoid bodies, attached 
along one edge of the inner wall. These we 
recognize as the young seeds. 

The pod of a bean, pea, or locust illustrates 
well the growth from the flowtT. The pt)ii, . 
which is in reality a ripened ovary with other 
parts of the pistil attache<l to it, is considered 
as a fruit. By definition, a fruit is a ripened 
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ovary and its contents together with any parts of the flower thai may 
be attached to it. The chief use of the fruit to the flower is to 
hold and to protect the seeds ; it may ultimately distribute them 
where they can reproduce young plants. 

The Necessity of Fruit and Seed Dispersal to a Plant. — We 
have seen that the chief reason for flowers, from the plant's stand- 
point, is to produce fruits which contain seeds. Reproduction 
and the ultimate scattering of fruits and seeds are absolutely neces- 





The development of an apple. Notice that in this fruit additional parts besides 
the ovary (o) become part of the fruit. Certain outer parts of the flower, the 
sepals (s) and receptacle, become the fleshy part of the fruit, while the ovary 
becomes the core. Stages numbered 1 to 7 are in the order of development. 

sary in order that colonies of plants may reach new localities. It 
is evident that plants host fitted to scatter their seeds, or place 
fruits containing the seeds some little distance from the parent 
plants, are the ones which will spread most rapidly. A plant, if 
it is to advance into new territory, must get its seeds there first. 
Plants which are l)est fitted to do this are the most widely dis- 
tributed on the earth. 

How Seeds and Fruits are Scattered. — Seed dispersal is accom- 
plished in many different ways. Some plants produce enormous 
numbers of seeds which may or may not have special devices to 
aid in their scattering. Most weeds are thus start (h1 '' in pastures 
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new." Some prolific plants, like the milkweed, have seeds with a 
little tuft of hairlike down which allows them to be carried by the 
wind. Others, as the omnipresent dandelion, have their /rwite 
provided with a umilar structure, the pappus. Some plants, as 
the burdock and clotbur, have fruits provided with tiny hooks 
which stick to the hair of animals, thus proving a means of trans- 
portation. Most fleshy fruits cont^n indigestible seeds, so that 
when the fruits are eaten by animus the seeds are passed off from 
the body unharmed and may, if favorably placed, grow. Nuts of 
various kinds are often carried off by animals, buried, and for- 
gotten, to grow later. Such are a few of the ways in which seeds 
are scattered. All other things being equal, the plants best 
equipped to scatter seeds or fruits are those which will drive out 
other plants in a given locality. Because of their adaptations 
they are likely to be very numerous, and when unfavorable con- 
ditions come, for that reason, if for no other, are likely to survive. 
Such plants are best exemplified in the weeds of the grassplots 
and gardens. 
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V. PLANT GROWTH AND NUTRITION. CAUSES OF 

GROWTH 

Probletn, — What causes a young plant to grow f 
(a) Th/*y rdation oftJie young plant to its food supply, 
ib) Tlie outside'. conditionH nccessanj for germination, 
{c) Mlvat the young plant does with its food supply. 
(d) How a plant or aniuifd is cdjle to use its food supply. 
(r) How a plant or animal prepares food to use in various 
parts ofth^ body. 

Laboratory Sucjoestioxs 

Laboratory exerciM. — Examination of bean in pod. Examination and 
identification of parts of bean seed. 

Laboratory demonstration, — Tests for the nutrients : starch, fats or 
oils, protein. 

Laboratory (hmonstratum. — I^oof that sueh foods exist in bean. 

Home work. — Test of various common foods for nutrients. Tabulate 
results. 

Extra home work by scltctcd pupils. — Factors necessary for germina- 
tion of bean. Demonstration of experiments to class. 

Demonstration. — Oxidation of candle in closed jar. Test with lime 
water for products of oxidation. 

Demonstration. — Proof that materials are oxidized within the human 
body. 

Demonstration. — Oxidation takers place in prrowin^ s<K*ds. Test for 
oxidation products. Oxygen ncK'essary for germination. 

Laboratory exercise. — Examinaticm of corn on cob, the corn grain, 
longitudinal sections of com grain stained with iodine to show that embryo 
is distinct from food supply. 

Demonstration. — Test for grape sugar. 

Demonstration. — CJrape sugar presi'nt in growing corn grain. 

Demoniit ration. — Th<' action of diastase on starch. Conrlitions neoes- 
sary for action of diastase. 

What makes a Seed Grow. — Tlie general problem of the pages 
that follow will be to explain how the baby plant, or embryo^ 
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formed in the seed as the result of the fertilization of the egg cell, 
is able to grow into an adult plant. Two seta of factors are neces- 
sary for -its growth : first, the presence of food to give the young 
plant a start ; second, certain stimulating factors outside the young 
plant, such a^ water and heat. 

If we open a bean pod, we find the seeds lying along one edge of 
the pod, each attached by a little stalk to the inner wall of the 
ovary. If we pull a single bean from its attachment, we find that 
the stalk leaves a scar on the 
coat of the bean ; this sear is 
called the hilum. The "tiny 
hole near the hilum is I'alled 
the micropyle. Turn back to 
the figure (page 54) showing 
the ovule in the ovary. Find 
there the little hole through 
which the pollen tube reached 
the embryo sac. This hole is 
identical with the micropyle 
in the seed. The thick outer 
coat (the testa) is easily re- 
moved from a soaked bean, 
the delicate coat under it 
easily escaping notice. The 
seed separates into two parts ; Thn-e 




If you pull apart the coty- 
ledons very carefully, you find certain other structures between 
them. The rodlike part is called the hypocotyl (meaning under 
the cotyledons). This will later form the root (and part of the 
stem) of the young bean plant. The first true loaves, very tiny 
structures, are folded together between the cotyledons. That 
part of the plant above the cotyledons is known as the plumule 
or epicotyl (meaning above the cotyledons). All the parts of the 
seed within the seed coats together form the embryo or young 
plant. A bean seed contains, then, a tiny plarU protected by a 
toi^h coat. 
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Food in the Cotyledons. — The problem dow before us is to find 
out bow the embryo of the bean is adapted to grow into an adult 
plant. Up to this stage of its existence it has had the advantage 
of food and protection from the parent plant. Now it must begin 
the battle of life alone. We shall find in all our work with plants 
and animalB that the problem of food supply is always the most 
important problem to be solved by the growing organism. Let 
us see if the embryo is able to get a start in life (which many 
animals get in the egg) from food provided for it within its own 
Ixxly. 

Organic Nutrients. — Oi^anie foods (those which come from 
livii^ sources) are made up of two kinds of substances, the nu/n- 
enis or food substances and wastes or refitee. An egg, for example, 
contains the white and the yolk, composed of nutrients, and the 
shell, which is waste. The organic nutrients are classed in three 
groups. 

Carbohydrates, foods which contain carbon, hydrogen, and 
oxygen in a certain fixed proportion (C^HioOe is an example). 
They are the simplest of these very complex chemical compounds 
we call organic nutrients. Starch and sugar 
are common examples of carbohydrates. 

Fats and Oils. — These foods are also com- 
posed of carbon, hydrogen, and oxygen in a 
proportion which enables them to unite 
readily with oxygen. 

Proteins. — A third group of organic foods, 
u the cells proteins, are the most complex of all in 
their composition, and have, Iwsides carbon, 
oxygen, and hydrogen, the element nitrogen and minute quantities 
of other elements. 

Test for Starch. — If we boil water with a piece of laundry starch 
in a test tube, then cool it and add to the mixture two or three 
drops of iodine solution,' we find that the mixture in the test tube 

1 Iodine soIutioD U made by siniply adding a tew crystals of the element Iodine 
tn 95 per ceot alcohol ; or. better, take by weight I Rram of iodine crystals. ) Kram 
of iodide of potasKium. and dilute to a dark brown color in weak alcohol <3& per 
cent) or distilled water. 
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Test for starch. 



turns purple or deep blue. It has been discovered by experiment 

that starch, and no other knoum substancey will be turned purple or 

dark blue by iodine. Therefore, iodine 

solution has come to be used as a test 

for the presence of starch. 

Starch in the Bean. — If we mash 

up a little piece of a bean cotyledon 

which has been previously soaked in 

water, and test for starch with iodine 

solution, the characteristic blue-black 

color appears, showing the presence of 

the starch. If a little of the stained 

material is mounted in water on a glass 

slide under the compound microscope, 

you will find that the starch is in the 

form of little ovoid bodies called starch grains. The starch grains 

and other food products are made use of by the growing plant. 

Test for Oils. — If the substance 
believed to contain oil is rubbed on 
brown paper or is placed on paper and 
then heated in an oven, the presence 
of oil will be known by a translucent 
spot on the paper. 

Protein in the Bean. — Another 
nutrient present in the bean cotyledon 
is protein. Several tests are used to 
detect the presence of this nutrient. 
The following is one of the best 
known : — 

Place in a test tube the substance 
to be tested ; for example, a bit of 
hard-boiled egg. Pour over it a little 
strong (60 per cent) nitric acid and heat 
gently. Note the color that appears 

— a lemon yellow. If the egg is washed in water and a little 

ammonium hydrate added, the color changes to a deep orange, 

showing that a protein is present. 




Test for protein. 
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If the protein is in a liquid state, its presence may be proved 
by heating, for when it coagulates or thickens, as does the white 
of an egg when boiled, protein in the form of an albumin is present. 

Another characteristic protein test easily made at home is 
burning the substance. If it bums with the odor of burning feath- 
ers or leather, then protein forms part of its composition.^ 

A test of the cotyledon of a bean for protein food with nitric 
acid and ammonium hydrat-c shows us the presence of this food. 
Beans arc found by a(^tual tost to contain about 23 per cent of 
protein, 59 per cent of carbohydrates, and about 2 per cent oils. 
The young plant within a pea or l)can is thus shown to l>e well 
supplied with nourishment until it is able to tnke care of itself. 
In this respect it is somewhat like a young animal within the egg, 
a bird or fish, for example. 

Beans and Peas as Food for Man. — So much fooil is stored in 
legumes (as beans and peas) that man has come to consider them 
a very valuable and cheap source of food. Study catefully the 
following table : — 



Nutrients furnished for Ten Cents in Beans and Peas at 

Certain Prices per Pound 



Food Materials as Purcuaaed 



Kidnoy bc^ans, dried , 

Lima beans, fresh, shelled . . . ' 

Lima beans, dried 

String beans, fresh, 30 cents per 

peck 

Reans, l>ake<l, canned .... 
Lentils, dried 



Peas, gre(;n, in pod, 3() cents per 

peck 

Peas, dried 



Ten Cknth will pat fob — 



Prices 










PER 

Pound 


Totjil 

Fo<Ki 

Material 

Pounds 


Pruti'id 
Pnuuti* 


Fat 
Pound* 


Carbo- 
hydrmtes 


Cents 


Poundt 


T) 


2.00 


0.45 


0.04 


1.19 


8 
(5 


1.25 
L67 


.04 
.30 




.12 
1.10 


.03 


3 


3.33 


.07 


.01 


.23 


5 


2.(K) 


.14 


.0.5 


.39 


10 


1.00 


.2() 


.01 


.59 


3 


3.:i3 


.12 


.01 


.33 


4 


2.50 


.()2 


.03 


1.55 



» Other to8ts somowhat more roliablc, but much more delicate, are the biuret 
teat and test with Millon's reagent. 
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GerminKtiOQ of the Bean, 
or earth, they will not grow. 



— If dry seeds are planted in sawdust 
A moderate supply of water must be 




given to them. If seeds were to be kept in a freezing tempera- 
ture or at a very high temperature, no growth would take place. 
A moderate temperature and 
a moderate water supply are 
most favorable for their de- 
velopment. 

If some beans were planted 
ao that wc might make a record 
of their growth, we would find 
the first signs of germination 
to be the breaking of the testu 
and the pushing outward of 
the hypocotyl to form the first 
root. A little later the hypo- 
cotyl begins to curve down- 
ward. A later stage shows 
the hypocotyl lifting the coty- 
ledon upward. In consequence 
the hypocotyl forms an arch, 
dr^gii^ after it the bulky 
cotyledon. Tho .torn, .„ "X, S'3; „Id i'SlTlS,^ 
soon as it is released from the supply in the Rotylcdmu. 
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ground, strajghtens out. From between the cotyledons the bud- 
like plumule or epicotyl grows upward, formii^ the first true 
leaves and all of the stem above the cotyledons. As growth con- 
tinues, we notice that the cotyledons become smaller and smaller, 
until their food contents are completely absorbed into the young 
plant. The young plant is now able to care for itself and may 
l>e said to have passed through the stages of germination. 

What makes an Engine Go. — If we examine the sawdust or 
soil in which the seeds are growing, we find it forced up by the 
growing seed. Evidently work was done ; in other words, energy 
was released by the seeds. A familiar example of release of 
energy is seen in an et^ne. Goal is placed in the firebox and 
lighted, the lower door of the furnace is then opened so as to make 
a draft of air which will reach the coal. You know the result. 
The coal burns, heat is given off, causing the water in the boiler 

1^^^^ to make steam, the engine wheeb to turn, 
B^H and work to be done. Let us see what 
i||^| happens from the chemical standpoint. 
Hll^l Coal, Organic Matter. — Coal is made 
ll^H largely from dead plants, long since pressed 
.^^1 into its present hard form. It contains a 
lU'^H large amount of a chemical element called 
^H carbon, the presence of which is character- 
^H istic of all organic material. 
^H Ozidatioa, its Results. — When things con- 
^H taining carbon are lighted, they bum. If we 
^^M place a lighted candle which contains carbon 
gg^m in a closed glass jar, the candle soon goes out. 
If we then carefully test the air in the jar 
the 
latter, when shaken up with the air in the 
jar, turns milky. This test proves the pres- 
ence in the jar of a gas, known as carbon dioxide. This gas is 
formed by the carbon of the candle uniting with the oxygen in 

1 Limewftt«r can be made by shalcing up a piece of quicklime thn aiie ol your 
fiat ill about two quarta ot water. Filter or Btrain the liiiiewat«r into bottlea and 
it i* r««dr lor use. 



The limewater tt..,. 

tube at the right shows with a substance known as limewater, 

the effect of the carbon 

dioxide. 
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the air. When the oxygen of the air in the jar was used up, 
the flame went out, showing that oxygen is necessary to make a 
thing bum. This uniting of 
oxygen with some other sub- 
stance is called oxidation. 

Ozidattoa possible without a 
Flame. — But a flame is not 
necessary for oxidation. Iron, 
if left in a damp place, becomes 
rusty. A union between the 
oxygen in the water or air and 
the iron makes what is known Diagram to show that when a piece of 
■ , . rr>i- ■ • wood ia burned it rorms water and 

as iron oxide or rust. This is (.„,,„„ aIo^ac. 

an example of slow oxidation. 

Oxidation in our Bodies. — If we expel the air from our lungs 
through a tube into a Ixtttle of limewater, we notice the lime- 
water becomes milky. Evidently carbon dioxide is formed in our 
own bodies and oxidation takes place there. Is it fair to believe 
that the heat of our body (for example, 98.6° Fahrenheit under the 
tongue) is due to oxidation within the body, and that the work 
we do results from this chemical process. If so, what is oxidized? 

Energy comes from Foods. — From the foregoing experiment 
it is evident that food is oxidized within the human body to re- 
lease energy for our daily work. Is it not logical to suppose that 
all living things, both plant and animal, release energy as the re- 
sult of oxidation of foods within their cells ? Let us see if this is 
true in the case of the pea. 

Food oxidized in Germinating Seeds. — If we take equal 
numbers of soaked peas, placed in two bottles, one tightly stop- 
pered, the other having no stopper, both bottles Iwing exposed to 
identical conditions of light, temperature, and moisture, we find 
that the seeds in both bottles start to germinate, but that those 
in the closed bottle soon stop, while those in the open jar continue 
to grow almost as well as similar seeds placed in an open dish would. 

Why did not the seeds in the covered jar germinate? To 
answer this question, let us carefully remove the stopper from the 
stoppered jar and insert a lighted candle. The candle goes out 

HUNTER, CIV. BI. — 5 
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at once. The surer test of limewater shows the presence of car- 
bon dioxide in the jar. The carbon of the foodstuffs of the pea 
united with the oxygen 
of the air, forming car- 
bon dioxide. Growth 
stopped as soon as the 
oxygen was exhausted. . 
The presence of carbon 
dioxide in the jar is an 
indication that a very 
Important process which 
we associate with animals 
rather than plants, that 
of respiration, is taking 
place. The seed, in order 
to release the energy 
locked up in its food 
supply, must have oxy- 
gen, so that the oxida- 
tion of the food may take 
place. Hence a constant supply of fresh air is an important factor 
in germinaiion. It is important that air should penetrate between 
the grains of soil around a seed. The frequent stirring of the soil 
enables the air to reach the seed. Air also acts 
upon some materials in the soil and puts them 
in a form that the germinating seed can use. 
This necessity for oxygen shows us at least 
one reason why the farmer plows and harrows 
a field and one important use of the earthworm. 
Explain. 

Structure of a Grain of Corn. — Examination 
of a well-soaked grain of com discloses a difference 
in the two fiat sides of the grain. A light-colored 
area found on one surface marks the position of 
the embryo ; the rest of the grain contains tlie 
food supply. The interesting thing to remember here is that the 
food supply is outside of the embryo. 
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A grain cut lengthwise perpendicular to the flat side and then 
dipped in weak iodine shows two distinct parte, an area containing 
considerable starch, the endosperm, and the embryo or young 
plant. Careful inspection shows the hyjto- 
cotyl and plumule (the latter pointing toward 
the free end of the grain) and a part surround- 
ing them, the single cotyledon (see Figure). 
Here again we have an example of a fitting 
for future needs, for in this fruit the one seed 
has at hand all the food material necessary 
for rapid growth, although the food is here 
outside the embryo. 

Endosperm the Food Supply of Corn. — 
We find that the one cotyledon of the corn 
grain does not serve the same purpose to 
the young plant as do the two cotyledons of 
the bean. Although we find a little starch 
in the com cotyledon, still it is evident from 
our testa that the endosperm is the chief source 
of food supply. The study of a thin section 
of the com grain under the compound micro- 
scope shows us that the starch grains in the 
endosperm are large and regular in size. 
When the grain has begun to grow, examina- 
tion shows that the starch grains near the 
edge of the cotyledon are much smaller and 
quite irregular, having largo holes in them. 
We know that the germinating grain has a 
much sweeter taste than that which is not 
growing. This is noticed in sprouting barley 
or malt. We shall later find that, in order 
to make use of starchy food, a ]>lant or animal 
must in some manner change it over to sugar. 
This change is necessary, because starch will 
not dissolve in water, while sugar will ; in this form substances 
can pass from cell to cell in the plant and thus distribute the food 
where it is needed. 
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A Test for Grape Sugar. — Place in a test tube the substance to 
be tested and heat it in a little water so as to dissolve the sugar. 

Add to the fluid twice its bulk of 
Fehling's solution,^ which has been 
previously prepared. Heat the mix- 
ture, which should now have a blue 
color, in the test tube. If grape sugar 
is present in considerable quantity, the 
contents of the tube will turn first a 
greenish, then yellow, and finally a 
brick-red color. Smaller amounts will 
show less decided red. No other sub- 
stance than sugar will give this reac- 
tion. If Benedict's test ^ is used, a 
colored precipitate will appear in the 
test tube after boiling. 

Starch changed to Grape Sugar in 
the Corn. — That starch is being 
changed to grape sugar in the germi- 
nating corn grain can easily be shown if we cut lengthwise through 
the embryos of half a dozen grains of corn that have just begun 
to germinate, place them in a test tube with some Fehling's solu- 
tion, and heat almost to the boiling point. They will be found 
to give a reaction showing the presence of sugar along the edge 
of the cotyledon and between it and the endosperm. 

Digestion. — This change of starch to grape sugar in the com 
is a process of digestion. If you chew a bit of unsweetened cracker 
in the mouth for a little time, it will begin to taste sweet, and if 
the chewed cracker, which we know contains starch, is tested 
with Fehling's solution, some of the starch will be found to have 
changed to grape sugar. Here, again, a process of digestion has 
taken place. In both the corn and in the mouth, the change is 
brought al)Out by the action of peculiar sul)stanc(\s known as 
digestive ferments, or enzymes. Such substances have the power 
under certain conditions to change insoluble foods - solids — into 



Test for grape augur. 



* Directions for making these solutions will be found in Hunter's Laboratory 
Problems in Civic Biology. 
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soluble sulwtances — liquids. The result is that substances which 
before digestion would not dissolve in water now will dissolve. 

The Action of Diastase on Starch. — The enzyme found in the 
cotyledon of the corn, which changes starch to grape sugar, is 
called diastase. It may be separated from 
the cotyledon and used in the form of a 
powder. 

To a little starch in half a cup of wat*r 
we add a ver>' little {1 gram) of diastase 
and put the vessel containing the mixture 
in a warm place, where the temperature 
will remain nearly constant at about 98° 
Fahrenheit. On testing part of the con- 
tents at the end of half an hour, and the 
remainder the next morning, for starch and 
for grape sugar, we find from the morning 
test that the starch has been almost com- 
pletely changed to grape sugar. Starch 
and warm water alone under similar con- 
ditions will not react to the test for grape 
sugar. 

Digestion has the Same Purpose inPlants ^"^J^ V ?i"rMTha?™ 
and Animals. — In our own Iwdies we 

know that solid foods taken into the mouth are broken up by the 
teeth and moistened by saliva. If we could follow that food, we 
would find that eventually it liecame part of the blood. It was 
made soluble by digestion, and in a liquid form was able to reach 
the blood. Once a part of the Irody, the food is used either to 
release energy or to build up the Ijody. 

Summary. — We have seen : 

1. That seeds, in order to grow, must possess a food supply 
either in or around their l>odies. 

2. That this food supply must be oxidized before energy is 
released. 

3. That in cases where the food is not stored at the point 
where it b to be oxidized the food must lie digested so that it 
may be transported from one part to another in the same plant. 



A R riiiitiatin£ corn gralii. 
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The life processes of plants and animals, so far, may be con- 
sidered as alike; they both feed, breathe (oxidize their food), do 
work, and grow. 
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VI. THE ORGANS OF NUTRITION IN PLANTS — THE 
SOIL AND ITS RELATION TO THE ROOTS 

Froblem. — Wlwt a plant takes frojn the soil and how it £ets 
it. 

(a) Wfutt lifiernhUies thetlirectwnof^rmuth of roots? 

<,b) How is the root- built? 

{e) How does a root absorb icii-er? 

01) Whtii is in tfw, noil iliat a root might takv out ? 

{e> ^Vliy is nitrogen neeessary, anil how is it obtained ? 

Laboratory So«oE8TIonh 

Demonglratiiin. — Roots of bean or pea. 

Dfmortttralion or home ex{>criment. — Response of root to gravity and to 
water. What part of root is moat responsive? 

Lahoralory work. — Root hairs, radish or com, position on root, gross 
Structure only. Drawing. 

Demonglralion. — Root hair under compound microscope. 

Oemorutrntion. — Apparatus iJlustratinif osmosis. 

Demonslralion or a home expfrimeni. — OrBaniy matter present ic soil. 

DtmoTistralion. — Root tuherek's of legume. 

Demonslration. — Kutrients prtssenl in somt' roots. 

Uses of the Root — If one of the Hcc<lliii((s of the Ix'an spoken of 
in the last chapter is allowed to grow in sawdust and is given 
light, air, and water, sooner or later it will die. Soil is part of 
its natural environment, and the roots which come in contact with 
the soil are very important. It is the purpose of this chapter to 
find out just how the young plant is fitted to get what it needs 
from this part of its environment ; namely, the soil. 

The development of a Ik-hii seedling has shown us that th'e root 
grows first. One of the nwnt impnTlanl junclions of the root to a ynunij 
need plant is that of a holdfant, an anchor to fasten it in the place where 
U is to develop. It has many other uses, as the taking in of water 
with the mineral and organic matter dissolved therein, the stor- 
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age of food, climbing, etc. All 
functions other than the first one 
staled arise after the young plant 
haa begun to develop. 

Root System. — If you dig up a 
young Ijean seedling and carefully 
wash the dirt from the roots, you 
will see that a long root is devel- 
oped a.s a continuation of the hy- 
pocotyl. This root is called the 
primary root. Other smaller roots 
which grow from the primary root 
are called secondary, or tertiary, 
depeniiing on their relation to the 
first root developed. 

Downward Growth of Root. 
Influence of Gravity. — Most of 

the roots examined take a more or less downward direction. We 

are all familiar with the fact that the force we call gravity influences 

life upon this earth to a great degree. Does gravity act on the 

growing root? This question may be 

answered by a simple experiment. 
Plant mustard or radish seeds in a 

pocket garden, place it on one edge 

and allow the seeds to germinate until 

the root has grown to a length of about 

half an inch. Then turn it at right 

angles to the first position and allow it 

to remain for one day undiHturbe<l. 

The roots now will be found to have 

turned in response to the change in 

position, that part of the root near 

the growing jKjint iH'ing the most 

sensitive to the ihunge. This ex- 
periment seems to indicate that the 

roots are influenced to grow downward 

by the force of gravity. 
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Experiments to determiDe the Influence of Moisture on a Grow- 
ing Root. — The objection might well bo interposed that possibly 
the roots in the pocket garden ' grew downward after water. That 
moisture has an influence on the growing root is easily proved. 

Plant bird seed, mustard or radish seed in the underside of a 
sponge, which should be kept wet, and may be suspended by a 
string under a bell jar in the schoolroom window. Note whether 
the roots leave the spoi^e to grow downward, or if the moisture 
in the sponge is sufficient to counterbalance the force of gravity. 

Water a Factor which determines the Course taken by Roots. — 
Water, as well as the force of gravity, has much to do with the direction 
taken by roots. Water is always found below the surface of the 
ground, but sometimes at a great depth. Most trees, and all 
grasses, have a greater area of surface exposed by the roots than 
by the branches. The roots of alfalfa, a cloverlike plant used for 
hay in the Western states, often penetrate the soil after water for 
a distance of ten to twenty feet below the surface of the ground. 

Fine Structure of a Root.' — When we examine a delicate root 
in thin longitudinal section under the comiwund microscope, 
we find the entire root to be made up of cells, the walls of which 
are uniformly rather thin. Over the lower pn<l of the root is 
found a collection of cells, most of which are dead, loosely arranged 
no as to form a cap over the growing tip. This is evidently an 
adaptation which protects the young and actively growing cells 
just under the root cap. In the body of the root a central cylinder 
can easily be distinguished from the surrounding cells. In a 
longitudinal section a scries of tubelike structures may be found 
within the central cylinder. These structures are cells which have 
grown together at the small end, the long axis of the cells running 

' The Pocket Qarden. — A very ronvcnipnt form of ixjckut RLTmiimtor may bo 
made as follows. Obtain two rlpatipd fuur by five ticgativrii (window gliua will 
do) : place one fiat on the UMi: und [ilnr'i' nn (hiii hnlf ii ilozcn t>i(Hvs of rolored 
UottinB pappr rut tii u sizi' ;i littlu Ipss thuii (lie- kIush. Now i-ut four thjn ntripa of 
wood to lit on the k1u»» jo^l <>utr<idi' of Ilir piiprr. \'<-xt itioixtitii the lilotti-r. plii<!i! 
on it Komi' wcll-Houki'd nulioli. niiiHtiird hi-i-cIh nr Imrli-y Kruitis, iiiiil i-uvpr with the 
other glum. The whcjc Imx thus mmii' tihoiild Iw iKMiiid toBrtliift with biryele tuiie. 
Seeds will genniiuite in this Inn and with rare may live for two wwkn or mure. 

> Sections of tradeseantia roota are cxn-llent for dcmoastration iif these at 
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the length of the main root. In their development the cells men- 
tioned have grown together in such a manner as to lose their small 
ends, and now form continuous 
hollow tubes ivith rather strot^ 
walls. Other cells have come to 
develop greatly thickenetl walls; 
these cells give mechanical sup- 
port to the tubelike cells. Col- 
lections of such tubes and sup- 
porting woody cells together make 
uj) what are known as fibrovascuiar 
bundla. 

Root Hairs. — Careful examina- 
tion of the HKjt of one of the seed- 
a, 'I. ro'.t hiiirs; h, cjui.t Iu.v.t of lings of mustuni, raili.-<h, or barley 
rf^wtiwrrjr'ci'ntruiTvi'iiiilcr'''^''' g^own in the pockot germinator 
shows a covering of tiny fuzzy 
structures. These structures are very minute, al most 3 to 4 milli- 
meters in length. They vary in length 
according to their ])osition on the root, 
the most anil the longest root bail's 
being found near the point marked 
R. H. in the figure. These struclures 
arc (mtgrowths of the outer layer of the 
root (the epidermis), and are of verj' 
great im|K)rtanec to the living plant. 

Structure of a Root Hair. — .\ single 
root hair examined under a compound 
microscope will Ik' found to be a long, 
round structure, almost colorless in a])- 
pearanee. The wall, which iw very flexi- 
ble and thin, is made up of ci'llulosi-, a 
substance somewhat liki- wood in cbemi- 
<'al conipusition, through which fluids 
may easily pas.s. Clinging close to the 
cell wall is the protoplasm of the cell. 
The interior of the root hair is more or less filled with a fluid 
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called cell sap. Forming a part of the living protoplasm of the 

root hair, sometimes in the hairlikc prolongation and sometimes 

in that part of tho cell which forms the epidermis, is found a 

niicltiiK. The protopla-sm and nucleus are alive ; the cell wall 

formed by the jiving matter in the cell is dead. The rnnt hair ix a 

lu'ing plant cell vi\t]i awall 

so delicate that water ant! 

mineral substances from 

the soil can pass through 

it into the interior of the 

root. 

How the Root absorbs 
Water. — The process bj 
which the root hair take« 
up soil water can better 
be understood if we make 
an artificial root hair lai^e enough to be easily seen. An e^ with 
part of the outer shell removed So as to expose the soft skinlike 
membrane underneath is an example. Better, an artificial root 
hair may he made in the following way. Pour some soft celloidin 
into a test tu\ie; carefully revolve the teat tube so that an even 
film of celloidin dries on the inside. This membrane is removed, 
filled with white of egg, and tied over the end of a rubber cork in 
which a glass tulre has previously been in.serted. When placed 
in watCT, it givea a very accurate jiicture of the root hair at 
work. After a short time water begins to rise in the tube, having 
passed through the film of celloidin. If grape sugar, salt, or some 
other 8ul)8tanee which will dissolve in water were placed in the 
water outside the artificial root hair, it could soim bo proved by 
test to pass through the wall and into the liquid inside. 

Osmosis. — To explain this process we must remember that 
gases and liquids of different densities, when separate<l by a mem- 
brane, tend to flow toward each other and mingle, the greater flow 
alwaj's being in the direction of the denser metlium. The proce.'is 
by which two gases or fluids, separated by a viembrane, fend to pass 
through the membrane and mingle vtUh each other, in called osmosis. 
The method by which the root hairs take up soil water is exactly 
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the same process. It is by osmosis. The white of the egg is the 
best possible Hubstitute for Uvin^ matter; the ceiloidin membrane 
separating the vgg from tiie water is mueh like the delicate mem- 
brane-like wall which separates the protoplajitm of the root hair 
from the water in the soil surrounding it. The fluid in the root 
hair is denser than the soil water ; hence the greater flow is toward 
the interior of the root hair.' 

Passage of Soil Water within the Root. — We have already seen 
that in an exchange of fluids by osmosis the greater flow is always 
toward the denser fluid. Thus it is that the root hairs take in 
more fluid than they give up. The cell sap, which partly filla 
the interior of the root hair, is a fluid of greater density than the 
water outside in the soil. When the root hairs become fllled with 




water, the density of the ceil sap is lessened, and the cells of the 
epidermis are thus in a piisition to pa.ss along their supply of water 
to the cells next to them ami nearer to the center of the root. 
These cells, in turn, become less dense than their inside neighljora, 
and so the transfer of water goes on until the water at last reaches 
the central cylinder. Here it is passed over to the tubes of the 
woody bundles and started up the stem. The pressure created 
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by this process of osmosis is sufficient to send water up the stem 
to & distance, in some plants, of 25 to 30 feet. Cases are on 
record of water having been raised in the birch a dbtance of 85 
feet. 

Physiological Importance of OBmosis. — It is not an exaggera- 
tion to say that osmosis is a process not only of great importance 
to a plant, but to an animal as well. Foods are digested in the 
food tube of an animal ; that is, they are changed into a soluble 
form 8o that they may pass through the walls of the food tube and 
become part of the blood. The inner lining of part of the food 
tube is thrown into millions of little fingcrlike projections which 
look somewhat, in size at least, like root hairs. These fingerlike 
processes are (unlike a root hair) made up of many cells. But 
they serve the same purpase as the root hairs, for they absorb 
liquid food into the blood. This process of absorption is largely 
by osmosis. Without the process of osmosis we should be unable 
to use much of the food we eat. 

Composition of Soil. — If we examine a ma.ss of ordinary loam 
carefully, we find that it is composetl of numerous particles of vary- 
ing size and weight. Between these particles, if the soil is not caked 
and hard packed, we can fimi tinyspaces. In well-tilled soil these 
spaces are constantly be- 
ing formed and enlarged. 
They allow air and water 
to penetrate the soil. If 
we examine soil under the 
microscope, we find con- 
siderable water clinging to 
the soil particles and form- 
ing a delicate film around 
each particle. In this 
manner most of the water 
is held in the soil. 

How Water is Held in 
Soil. — To understand what I'omes in with tlic soil water, it will 
be necessary to find out a little more about soil. Scientists who 
have made the subject of the composition of the earth a study, 




SOIL AND ITS RELATION TO ROOTS 



tell us that once upon a time at least a part of the earth was molten. 
Later, it cooled into solid rock. Soil making began when the ice 
and frost, working al- 
ternately with the heat, 
chipped off pieces of 
rock. These pieces in 
time became ground in- 
to fragments by action 
of ice, glaciers, running 
water, or the atmos- 
phere. This process 
is called weathering. 
Weathering is ai<ied by 
oxidation. A glance 
at almost any crum- 
bling stones will con- 
vince you of this, 
because of the yellow 
oxide of iron (rust) 
disclosed. So by slow 
degrees this earth be- 
came covered with a 
coating of what we call 
inorganic soil. Later, 
generation after generation of tiny plants and animals which lived 
in the soil died, and their remains formed the first organic materials 
of the soil. 

You are all familiar wit h 
the difference between the 
so-called rich soil and poor 
soil. The dark soil con- 
tains more dead plant and 
animal matter, which 
forms the portion called 
hum Wi. 

Humus contains Or- 
ganic Matter. — It b an 
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easy matter to prove that black soil contains organic matter, for if 

an equal weight of carefully dried humus and soil from a sandy road 

is heated red-hot for some time and 

then rewcighe<l, the humus will be 

found to have lost considerably in 

weight, and the sandy soil to have 

lost very little. The material left 

after heating is inorganic material, 

tilt! organic matter having Ix-cn 

burned out. 

Soil containing organic materials 
holds water much more rea<lily than 
inorganic soil, as a glance at the 
accompanying figure shows. If we 
fill each of the vessels with a given 
weight (say 100 grams each) of 
gravel, sand, barren soil, rich loam, 
leaf mold, and 2.5 grams of dry, 

_ 1 . 1 , ,. , Soil partiflfs tliniE lij riKit hairs. 

pulvenze<l leaves, then pour equal why? 

amounts of water (100 c.c.) on each 

and measure all that runs through, the water that has been re- 
tained will represent the wat«r supply that jilants could draw on 
from such soil. 

The Root Hairs take more than Water out of the Soil. — If a 
root containing a fringe of root hairs is washcti carefully, it will l>e 
found to have little particles of soil still clinging to it. Examined 
under the mieroseoi>e, these particles of soil seem to be cemented 
to the sticky surface of the root hair. The soil contains, besides 
a number of chemical compounds of various mineral substances, — 
lime, potash, iron, silica, and many others, — a considerable amount 
of organic material. Acids of various kinds are present in the soil. 
These acids so act upon certain of the mineral substances that 
they become dissolved in the water which is absorbed by the root 
hairs. Root hairs also give off small amounts of acid. An in- 
teresting experiment may Ix^ shown (see Figure on page 80) to 
prove this. A solution of pkenol/ihthalein loses its color when an 
acid is added to it. If a growing i)ea be placed in a tube contain- 
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ing some of this solution the hitter will quickly change from a rose 
pink to a colorless solution. 

A Plant needs Mineral Matter to Make Living Matter. — Liv- 
ing matter (protoplasm), besides containing the chemical elements 

carbon, hydrogen, oxygen, and nitrogen, 
contains a very minute proportion of 
various elements which make up the 
basis of certain minerals. These are 
calcium (lime), sulphur, iron, potassium, 
magnesium, phosphorus, sodium, and 
chlorine. 

1 That plants >vill not grow well with- 

jl out certain of these mineral substances 

i\ can be proved by the growth of seed- 

ll lings in a so-called nutrient solution.^ 

ILr Such a solution contains all the mineral 

9^ matter that a plant uses for food. If 

m^ certain ingredients are left out of this 

WSj solution, the plants placed in it will not 

W) live. 

.^c:^ — Nitrogen in a Usable Form necessary 
Effect of root hairs on phenol- for Growth of Plants. — A chemical 
phthaiein sohition. The element needed by the plant to make 

change of color indicat<^8 . . / 

the presence of acid. protoplasm IS nitrogen. 1 he air can 

hQ proven by experiment to be made 
up of about four fifths nitrogen, but this element cannot be taken 
from either soil water or air in a pure state, but is usually ol)- 
tained from the organic matter in the soil, where it exists with 
other substances in the form of nitrates. Ammonia and other 
organic compounds which contain nitrogen are changed by two 
groups of little plants called bacteria, first into nitrites and then 
nitrates.2 




* See Hunter's Laboratory Prohleins in Civic Biology for list of ingredients. 

* It has recently been discovered that under sonae conditions these bacteria are 
preyed upon by tiny one-celled animals {protozofi) living in the soil and are so re- 
duced in numbers that they cannot do their work effectively. If, then, the soil 
is heated artificially or treated with antiseptics so as to kill the protozoa, the bac- 
teria which escape multiply so rapidly as to make the laud much richer than before. 
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Relation of Bacteria to Free Nitrogen. — It has been known 
since the time of the Romans that the growth of clover, peas, 
beans, and other legumes in soil causes it to become more favorable 
for growth of other plants. The reason for this has been dis- 
covered in late years. On the 
roots of the plants mentioned 
are found little swellings or 
nodules; in the nodules exist 
millions of bacteria, which take 
nitrogen from the atmosphere 
and fix it so that it can be used 
by the plant ; that is, they as- 
sist in forming nitrates for the 
plants to use. Only these 
bacteria, of all the living plants, 
have the power to take the free 
nitrogen from the air and make 
it over into a form that can be 
used by the roots. As all the 
compounds of nitrogen are used 
over and over again, first by 
plants, then as food for animals, 
eventually returning to the soil 
again, or in part being turned 
into free nitrogen, it is evident 
that any new supply of usable 

nitrogen must come by means Diagram to show how the uitroRen-fixing 
^ xu '± n ' I bacteria prepare nitroRen for use by 

of these mtrogen-fixmg bac- pi^^. <. tubercles. 
teria. 

Rotation of Crops. — The facts mentioned above are made use 
of by careful farmers who wish to make as much as possible from 
a given area of ground in a given time. Such plants as are hosts 
for the nitrogen-fixing bacteria are planted early in the season. 
Later these plants are plowed in and a second crop is planted. 
The latter grows quickly and luxuriantly because of the nitrates 
left in the soil by the bacteria which lived with the first crop. 
For this reason, clover is often grown on land in which it is pro- 

HUNTER, CIV. BI. — 6 
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ix>9ed to plant com, the nitrogen left in the soil thus giving nourish- 
ment to the young com plants. In scientifically managed farms, 
different crops are planted in a given field on different years so that 
one crop may replace some of the elements taken from the soil by 
the previous crop. This is known as rotation of crops.* The 
annual yield of the average farm may thus be greatly increased. 

Five of the elements necessary to the life of the plant which 
may be taken out of the soil by constant use are calcium, nitrogen, 
phosphorus, putju-isium, and sulphur. Several metho<ls are used 
by the farmer to prevent tlie 
exhaustion of these and other 
r.iw fooii materials from the soil. 
One method known as fallowing 
is to allow the soil to remain 
idle until bacteria and oxidation 
have renewed the chemical ma- 
terials used by the plants. This 
is an expensive method, if land 
is dear. The most common 
method of enriching soil is by 
means of fertilizing material 
rich in plant food. Manure is 
most frequently used, but many 
artificial fertilizers, most of 
which contain nitrogen in the 
form of some nitrate, are used, 
because they can be more easily transported and sold. Such are 
ground bone, guano (bird manure), nitrate of soda, and many 
others. These also contain other important raw food materials 
for plants, especially potash and phosphoric acid. Both of these 
substances are made soluble so as to l>e taken into the roots by 
the action of the carbon dioxide in the soil. 

The Indirect Relation of Uiis to the City Dweller. — All of us 
living in the city are aware of the importance of fnwh \ 

■ That .TDi. rotution 
Boi!, but is a sanitary r 
of the scieDtiat. 
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brought in from the neighboring market gardens. But we some- 
times forget that our great staple crops, wheat and other cereals, 
potatoes, fruits of all kinds, our cotton crop, and all plants we make 
use of grow directly in proportion to the amount of raw food ma- 
terials they take in through the roots. When we also remember 
that many industries within the cities, as mills, bakeries, and the 
like, as well as the earnings of our railways and steamship lines, are 
largely dependent on the abundance of the crops, we may recognize 
the importance of what we have read in this chapter. 

Food Storage in Roots of Commercial Importance. — Some plants, 
as the parsnip, carrot, and radish, produce no seed until the second 
year, storing food in the roots the first year and using it to get an 
early start the following spring, so as to be better able to produce 
seeds when the time comes. This food storage in roots is of much 
practical value to mankmd. Many of our commonest garden 
vegetables, as those mentioned above, and the beet, turnip, oyster 
plant, sweet potato and many others, are of value because of the 
food stored. The sugar beet has, in Europe especially, become 
the basis of a great industry. 
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VII. PLANT GROWTH AND NUTRITION — PLANTS 
MAKE FOOD 

Problem. — JfTwre, wlien, and how green plants nidke food ? 

(a) How atul why is moistum given off from leaves? 

(b) IVh^ii is the reaction ofleaveato light? 

(c) What is made ingreen leaves in the nunligJit? 

(rf) Wiint by-products are given off in t}ie above process? 
(e) Other ficnrtions of leaves. 

Lahokatory SuoaEsTioNS 
DrmontlriitUm. — Watyr given off by plant in sunlight. Lose of weight 
due to trans pi rat ill II iii<-asur<.-d. 
Laboratory ejercinf. — 

(n) Groiw slructurc of a leaf. 

(b) Study of .stoma and lower epidermis under microscope. 

(c) Study of croHS si^rtion lo show colls and air spaues. 
Demoiitlnitwii. — Itcacition oF leaves to light. 
Dciiintistriilioii. — Light iiceessary to starch making. 
Demai<sli:dinii. — Air nm'cssary lo starch niakinj;. 

}h miiiiMroliiiu. — Oxygen a by-product of starch making. 

What becomes of the Water taken in 
by the Roots? — ^\V<; have seen that 
more than purt; water has been absorbed 
tlirough thft root hairs into the roots. 
What becomes of this wat^r and the 
otlier sul>stanees that have been ab- 
sorbed? Tliis question may t)e partly 
aniswered hy the following experiments. 

Passage of Fluids up the Stem. — If 
any young growing slioots (young seed- 
Hngs of corn or [x-a. or the oJder stems 
of garden lialsaiii , touch-me-not, or sim- 
fiower) are phiced in red ink (eosin), 
and left in the sun for a few hours, the 
red ink will be found to have passed up 
the stem. If sucli stems were examined 
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carefully, it would be seen that the 
colored fluid is confined to collections 
of woody tubes immediately under the 
inner bark. Water evidently rises in 
that part of the stem we call the wood. 
Water given off by Evaporation from 
Leaves. — Take some well-watered 
potted green plant, aa a geranium or 
hydrangea, cover the jwt with sheet 
rubber, fastening the rubber (rlose to 
the stem of the plant. Next weigh 
the plant with the pot. Then cover 
it with a tall bell jar and place the ap- 
paratus in the sun. In a few minutes 
drops of moisture are seen to gather 
on the inside of the jar. If we now 
weigh the pot- 





I ff thr ugh the Iravra 



ted plant, we 
find it weighs 
less than be- 
fore. Obvi- 
ously the loss 
comes from the 

water lost, and evidently this water escapes 
as vapor from cither the stem or leaves. 

The Structure of a Leaf. — In the ex- 
periment with the red ink mentioned 
above we will find that the fluiil has gone 
out into the skeleton or framework of 
the leaf. Let us now examine a leaf 
more carefully. It shows usually (I) a 
flat, broad blade, which may take almost 
anj' conceivable shape ; (2) a stem which 
spreads out in the blade (3) in a number 
of veins. 

The Cell Structure of a Leaf. — The 
under surface of a leaf seen under the 
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microscope usually shows numbers of tiny oval openings. These 
are called stomata (singular stoma). Two cells, usually kidney- 
shaped, are found, one on each side of the opening. These are 
the guard celh. By change in shape of those cells the opening 
of the stoma is made larger or smaller. Larger irregular cells 
form the epidermin, or outer covering of the leaf. Study of the 
leaf in cross section shows that these 
stomata open directly into air (•harabera 
which penetrate between and around 
the loosely arranged cells composing 
the underpart of the leaf. The upper 
surface of leaves sometimes contains 
stomata, but more often they are lack- 
ing. The under surface of an oak leaf 
of ordinary size contains about 2,000,000 
stomata. Un<ier the upper epidermis 
is a layer of green cells closely packed 
together (called collectively the palisade 
layer). These colls are more or less 
columnar in shape. Under these are 
several rows of rather loosely placed 
cells just mentione<l. These are called 
collectively the upongy tissue. If we 
iay<-T lit ■rils; /', green oelis. happen to nave a se<;tion cut through 
a vein, we find this composed of a 
number of tubes made up of, and strengthened by, thick-walled 
cells. The veins are evidently a continuation of the tubes of the 
stem out into the blade of the leaf. 

Evaporation of Water, — During the day an enormous amount 
of water is taken up by the roots and passed out through the 
leaves. So great is this excess at times that a small grass plant 
on a summer's day evaporates more than its own weight in water. 
This would make nearly half a ton of water delivered to the air 
during twenty-four hours by a gra.^a plot twenty-five by one hun- 
dred feet, the size of the average city lot. Accortling to Ward, 
an oak tree maj' pass oft two hundred ;md twenty-six times its 
own weight in water during the season from June to October. 
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From which Surface of the Leaf is Water Lost? — In order to find out 
whether water is passed out from any particular part of the leaf, we may 
remove two leaves of the same siie and weight from some large-leaved 
plant ' — a mullein was used for the illustrations given below — and cover 
the upper surface of one leaf and the lower surface of the other with vase- 
line. The leaf stalks of each should be covered with wax or vaseline, and 
the two leaves exactly balanced on the pans of a lialanco which has pre- 
viously been placed in a warm and sunny place. Within an hour the leaf 
which has the upper surface covered with vaseline will show a lose of 
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weight. Examination of the surface of a mullein leaf sJiows us that the 
lower surface of the IcnJ i* pumited with xtomnUi. It is through these organs, 
then, that water is passed out from the tissues of the baf. 

Factors Id Transpiration. — The amount of water lost from a 
plant varies greatly under different conditions. The humidity 
of the air, its temjwrature, and the t«iipcrature of tho plant all 
affect the rate of transpiration. The stomata also tend tu close 
under some conditions, thus hel|>ing to pn'Vent evaporation. But 
there seem.s to be no certain regidation of tliis water loss. ( 'onse- 
quently plant»4 liroop or wilt on hot dry days because they <-annot 

■ The "rubber plunt" Irof is un eusily obtaiiiuHe and rxccUpDt dcmoDstration. 
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obtam water rapidly enough from the soil to make up for the loss 
through the leaves. 




a at a stoma, u, Burfari; view of 
opened. (After Haoaon.) c, diagrain)i of a transvprsc eectioo througb a stoma, 
dotted liaoB indicate the rlosed poHitioo of the gu^"! cells, the heavy lines the 
open condition, (.^ftcT Sthweudcner.) 

Green Plants Food Makers. — ■ We have previously stated 
that green plants are the great food makers for themselves and 
for animals. We are now ready to attack the problem of how 
green plants make food. 

The Sun a Source of Energy. — We all know the sun is a source 
of most of the energy that is released on this earth in the form of 
heat or light. Every boy knows the power of a " burning glass." 
Solar engines have not come into any great use as yet, because 
fuel is cheaper, but some day we undoubtedly will directly harness 
the energy of the sun in everyday work. Actual experiments 
have shown that-vast amountjs of energy are given to the earth. 
When the sun is highest in the sky, energj' equivalent to one hun- 
dred horse power is received by a plot of land twenty-five by one 
hundred feet, the size of a city lot. Plant* receive and use much 
of this energj' Ijy means of their leaves. 

Effect of Light on Plants. — In young plants which have been 
grown in total darkness, no green color is found in cither stems 
or leaves, the latter often being reduned to mere scales. The 
stems are long and more or less reclining. We can explain the 
changed condition of th<; seedling grown in the dark only by as- 
suming that light has some effect on the protoplasm of the seedling 
and induces the growth of the green part of the plant. If seedlings 
have been growing on a window sill, or where the light comes in 
from one side, you have doubtless notice<l that the stem and leaves 
of the seedlings incline in the direction from which the light comes. 



PLANTS MAKE FOOD 89 

The experiment pictured shows this effect of light very plainly. 
A hole was cut in one end of a cigar box and barriers were erected 
in the interior of the box so that the seeds planted in the sawdust 
received their light by an indirect course. The young seedling 
in this case responded to the influence of the stimulus of light so 
as to grow out finally through thp hole in the box into the open 




air. This growth of the stem to the light is of very great impor- 
tance to a growing plant, Iwcausp, aw we shall sov later, food mak- 
ing depends largely on the amount of sunlight the leaves receive. 
Effect of Light on L«af Arrangement. — It is a matter of common 
knowledge that green loaves turn toward the light. Place grow- 
ing pea seedlings, oxalis, or any other plants of rapid growth near 
a window which receives full sunlight. Within a short time the 
leaves are found to be in positions to meeive the most sunlight 
possible. Careful observation of any plant growing outdoors 
shows us that in almost every case the leaves are so disposed as 
to get much sunlight. The ivy climbing up the wall, the morning- 
glory, the dandelion, and the bunlock all show different arrange- 
ments of leaves, each presenting a large surface to the light. 
Leaves are often definitely arranged, fitting in between one 
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another so as to presont their upper surface to the sun. Such an 
arrangement is known as a leaf mosaic. In the case of the dande- 
lion, a rosette or whorlod cluster of leaves is found. In the horse- 
chestnut, where the leaves come out opposite each other, the older 
leaves have longer petioles than the young ones. In the mullein 
the entire plant forms a cone. The old leaves near the bottom 
have long stalks, and the Httle ones near the apex come out close 




to tlie main stalk. In every (ra.-ie each leaf receives a large amount 
of light. Other mudifieations of these form.s may easily l>c found 
on any field trip. 

Starch made by a Green Leaf. — If we examine the palisade 
layer of the leaf, we find cells which are almost cylimlrieal in form. 
In the protoplasm of such cells are found a number of little green- 
colored bodies, which are known !is cMoroplast-t or chlorophyll 
bodies. If we place tlie leaf in wood alcohol, wc find that the 
botlies still remain, but that the color is extracted, going into the 
alcohol and giving to it a iK-autiful green color. The ehloroplasts 
are, indeed, simply part of the protoplasm of the cell colored green. 
These bodies are of the greatest importance directly to plants and 
indirectly to animals. The chloroplasta, by vkeam of the energy re- 
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ceived from ike sun, manufacture starch out of certain raw materials. 
These raw materials are aoil water, which is passed up through 
the bundles of tubes into the veins of the leaf from the roots, and 
carbon dioxide, which is taken in through the stomata or pores, 
which dot the under surface of the leaf. A plant with variegated 
leaves, as the coleus, make^ starch only in the green part of the 
loaf, even though these raw materials reach all parts of the leaf. 

Light and Air necessary for 
Starch Making. — If we pin strips 
of black cloth, such as alpaca, over 
some of the leaves of a growing 
hydrangea which has previously 
been place<l in a dark room for a 




I'Uidine light (Kiit tiot uir) from tlu' 
leaves of a ^teen plant. The result of 
this viprriment is peou in tho next 
pirturp. (Eiperinipiit porformi^l hy 
C. Dohhiiisuuil A. Schwartz.) 




few hours, and then put the plant in direct sunlight for an hour 
or two, we are ready to test for starch. We then remove some of 
the covered leaves and extract the chlorophyll with wood alcohol 
(because the green color of the chlorophyll interferes with the blue 
color of the starch test). A test then shows that starch is present 
only in the portions of the leaves exposed to -sunlight. From this 
experiment we infer that the aun has something to do with starch 
making in a leaf. The necessity of a part of the air (carimn 
dioxide) for starch making may also easily be proved, for the 
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parts of leaves covered with vaseline wili be found to contain no 
starch, while parts of the leaf without vaseline, but exposed to the 
flun and air, do contain starch. 

Air is nc(;essary for the process of starch making in a leaf, 
not only because carbon dioxide gas is absorbed (there are from 
three to four parts in ten thousand present in the atmosphere). 




but also because the leaf is alive and must have oxygen in order to 
do work. This oxygen it takes from the air around it. 

Comparison of Starch Making and Milling. — The manufacture 
of starch Ijy the green leaf 
jjAlf^ is not easily understood. 
The process has been com- 
pared to the milling of 
grain. In this case the 
mill is the green part of the 
leaf. The sun furnishes the 
motive power, the chloro- 
plasts constitute the ma- 
chinery, and soil water and 
carlx)n dioxide are the raw 
products taken into the 
mill. The manufactured 
product is starch, and a 
certain by-product (corre- 
sponding to the waste in a 
mill) is also given out. This 
by-product is oxygen. To 
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understand the process fully, we must refer to & small portion 
of the leaf shown below. Here we find that the cells of the green 
layer of the leaf, under the upper epidermis, perform most of 
the work. The carbon dioxide is taken in through the stomata 
and reaches the green cells by way of the intercellular spaces and 
by osmosis from cell to cell. Water reaches the green cells 
through the veins. It then passes into the cells by osmosis, and 
there becomes part of the cell sap. The light of the sun easily 
penetrates to the cells of the palisade layer, giving the energy 




Diagram {after Stcveiu) 



needed to make the starch. This whole proccs.? is a very delicate 
one, and will take plate only when external conditions are favorable. 
For example, too much heat or too little heat stops starch making 
in the leaf. This building up of food and the release of oxygen 
by the plant in the presence of sunlif^ht is called pholonyrUheais. 

M&nufacture of Fats. — Inasmuch as tiny droplets of oil are 
found inside the chlorophyll bodies in the leaf, we believe that fats, 
too, are made there, probably by a transformation of the starch 
already manufactured. 

Protein Making and its Relation to the Making of Living Matter. 
— Protein material is a food which is necessary to form protoplasm. 
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Protein food is present in the leaf, and b found in the Btem or root 
as well. Proteins can apparently be manufactured in any of the 
cells of green plants, the presence of light not seeming to be a nec- 
essary factor. How it is manufactured is a matter of conjecture. 
The minerals brought up in the soil water form part of its composi- 
tion, and starch or grape sugar give three elements (C, H, and 0). 
The element nitrogen is taken up by the roots as a nitrate (nitrogen 
in combination with lime or potash). Proteins arc probably not 
made directly into protoplasm 
in the leaf, but are stored by 
the cells of the plant and used 
when needed, either to form 
new cells in growth or to re- 
pair waste. While plants and 
aitimals obtain their food in 
different wa>'s, they probably 
make it into living substance 
(assiinilate it) in exactly the 
Mame manner. 

Foods serve exactly the same 
jiurposes in plants and in ani- 
mals ; they either build living 
matter or they are burned 
(oxi<lized) to furnish energy 
(power to do work). If you 
doubt that a plant exerts 
cnei^, note how the roots of 
a tree bore their way through 
the hardest soil, and how stems or roots of trees often split open 
the hardest rocks, as illustrated in the figure above. 

Starch-Making and its Relation to Human Welfare. — Leaves 
which have been in darkness show starch to be present soon after 
exposure to light. A corn plant sends 10 to 15 grams of reserve 
material into the ears in a single day. The formation of fruit, and 
especially the growth of the grain fields, show the economic im- 
portance of this fact. Not only do plants make their own food 
and store it away, but they m^c food for animals as well. And 
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the food is stored in sucii a stable form that it may be sent to all 
parts of the world in the form of grain or other fruits. Animals, 
herbivorous and flesh-eating, man himself, all are dependent upon 
the starch-making processes of the green plant for the ultimate 
source of their food. When we remember that in I9I3 in the 
United States the total value of all farm crops was over 
$6,000,000,000, and when we realize that these products came from 
the air and soil through the energy of the sun, we may begin to 
realize why as city iKiys anii girls the study 
of plant biology is of importance to u-s. 

Gr«en Plants give off Oxygen in Sun- 
light. — In still another way green plants 
are of direct use to u.s in the city. Dur- 
ing this process of starch-making oxygon 
is given off as a by-product. This may 
easily be proven by the following experi- 
ment.' Place any green Hater plant in a 
battery jar partly filled with water cover 
the plants with a gla---* funnel and mount 
a test tube full of water over the mouth of 
the funnel. Then place th« apparatus m a 
warm sunny window Bubbles of ga-i are 
seen to rise from the plant \ftcr mo or 
three hours of hot sun enough of the ga.^ 
can be obtained b> displacement of the 
water to make the oxygen test 

That oxygen is given off as a bj product 
by green plants is a fact of far reachmg titxniiitit tu ah w th&t 
importance. City parks are true "breath- i«>bp» ''< wyp" »« by 
ing spaces. Ihe green covering of the light, 
earth is giving to animals an element that 

they must have, while the animals in their turn are supplying to 
the plants carbon dioxide, a compound used in food-making. 
Thus a widespread relation of mutual helpfulness exists between 
plants and animals. 
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Respiration by Leaves. — All living things require oxygen. It 
is by means of the oxidation of food materials within the plant's 
body that the energy used in growth and movement is released. 
A plant takes in oxygen largely through the stomata of the leaves, 
to a less extent through the lenticels or breathing holes in the stem, 
and through the roots. Thus rapidly growing tissues receive the 
oxygen necessary for them to perform their work. The products 
of oxidation in the form of carbon dioxide are also passed off 
through these same organs. It can be shown by experiment that 
a plant uses up oxygen in the darkness ; in the light the amount 
of oxygen given off as a by-product in the process of starch-making 
is, of course, much greater than the amount used by the plant. 

Summary. — From the above paragraphs it is seen that a leaf 
performs the following functions: (1) breathing, or the taking in 
of oxygen and passing off of carbon dioxide ; (2) starch-making, 
with the incidental [)assing out of oxygen ; (3) formation of proteins, 
with their digestion and assimilation to form new tissues; and 
(4) the transpiration of water. 
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VIII. PLANT GROWTH AND NUTRITION — THE CIR- 
CULATION AND FINAL USES OF FOOD BY PLANTS 

BroMetn, — How green plants store and use tJie food they 
make. 

(a) Mliat are tJie organs of oirciHatUm? 

ib) How and where does food (dreulate ? 

(c) How does the plant assimilate its food ? 

Laboratory Suggestions 

Laboratory exercise. — The structure (cross section) of a woody stem. 

Demonstration. — To show that food passes downward in the bark. 
Demonstration. — To show the condition of food passing through the 
stem. 

Demonstration. — Plants with special digestive organs. 

The Circulation and Final Uses of Foods in Green Plants. — We 
have seen that cells of green plants make food and that such cells 
are mostly in the leaves. But all parts of the bodies of plants grow. 
Roots, stems, leaves, flowers, and fruits grow. Seeds are store- 
houses of food. We must now examine the stem of some plant in 
ordor to see how food is distributed, stored, and finally used in the 
various parts of the plant. 

The Structure of a Woody Stem. — If wo cut a cross section 
through a young willow or apple stem, we find it shows three 
distinct regions. The center is occupied by the spongy, soft pith; 
surrounding this is found the rather tough woodj while the outer- 
most area is bark. More careful study of the bark reveals the 
presence of three layers — an outer layer, a middle green layer, 
and an inner fibrous layer, the latter usually brown in color. This 
layer is made up largely of tough fiberlike cells known as bast 
fibers. The most important parts of this inner bark, so far as the 
plant is concerned, are many tubelike structures known as sieve 
tubes. These are long rows of living cells, having perforated 
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sievelike ends. Through these cells food materials pass downward 
from the upper part of the plant, where they are manufactured. 

In the wood will be noticed (see Figure) a number of lines radiat- 
ing outward from the pith to\\ard the bark These are thin plates 
of pith which separate the w jod into a number of wedge-shaped 
These masse* of ft wd are compoied of many elongated 
celli which, placed end to end, 
form thousands of little tubes 
connecting the leaves with the 
roots In addition to these are 
many thick-walled cells, which 
give ■strength to the mass of 
wood The bundles of tubes 
with their surrounding hard 
v\ alle I cells are the continua- 
tion of the bundles of tubes 
which are found in the root. 
In settions of wood which have 
taktn s(veral years to grow, 
old ah trnicth il n ai Rrowth n a ^^c find so-called annual ri?igs. 
Thft rudiatiuR l'"'^s («) whi^h rro™ thfi ^he <liKtance Ix-tween one ring 

Wdod (ir) TcprPW-'lit the pith raj-s. thn , ti- 

principal oiipa extending from the pith and the next (see Figure) usu- 
(KrI,mr™it^-rrpL'l^jXi^L^)*'''^''* "">' represents the amount of 
growth in one year. Growth 
takes place from an actively dividing layer of cells, known as the 
caiiibiiuii layer. This layer forms wood cells from its inner surface 
and bark from its outer surface. Thus new wood is formed a.s a 
distinct ring around the old woo<l. 

Use of the Outer Bark, — The outer bark of a tree is protective. 
The cells are dead, the heavy wo<nij- skeletons serving to keep out 
cold and drjTiess, as well as prevent the evaporation of fluids from 
within. The bark also protects the tree from attack of other 
plants or animals whicli might harm it. Most trees are provided 
with a lajer of corky cells. This layer in the cork oak is thick 
enough to be of commercial importance. The function of the 
corky layer in preventing evaporation is well seen in the case of 
the [lotato, which is a true stem, though found underground. If 
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two potatoes of equal weight are balanced on the scales, the akin 
having been peeled from one, the peeled potato will be found to 
lose weight rapidly. This is due to loss of water, which is held in 
by the skin of the unpeeled potato (see right hand figure below). 

There are also small breathing holes known as lenticels scattered 
through the surface of the bark. These can ea.sily be seen in a 
young woody stem of apple, l)eech, or horse-chestnut. 







it the skin of the potato (j 



Proof that Food passes down the Stem. — If freshly cut willow 
twigs are pla(red in wutcr, roots s(K)n begin to develop from that 
part of the stem which is under water. If now the stem is girdled 
by removing the bark in a ring just above where the roots are 
growing, the latter will eventually die, and new roofs will appear 
above the girdled area. The food material necessary for the out- 
growth of roots evidently comes from al>ove, and the passage of 
food materials takes place in a <lownward direction just outside 
the wood in the layer of bark which contains the bast fibers and 
sieve tubes. This experiment with the willow explains why it is 
that trees die when girdled so as to cut the sieve tubes of the inner 
bark. The food supply is cut off from the protoplasm of the cells 
in the part of the tree below the cut area. Many of the canoe 
birches of our Adirondack forest are thus killed, girdled by thought- 
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less visitors. In the same manner mice and other gnawing ani- 
mals kill fruit trees. Food substances are also conducted to a 

much less extent in the wood itself, and food 
passes from the inner bark to the center of 
the tree by way of the pith plates. This can 

J be proved by testing for starch in the pith 

' plates of young stems. It is found that 

^ much starch is stored in this part of the tree 

trunk. 

In what Form does Food pass through 
the Stem ? — Wc have already seen that 
materials in solution (those substances which 
will dissolve in the water) will pass from cell 
to cell by the process of osmosis. This is 
shown in the experiment illustrated in the 
figure. Two thistle tubes are partly filled, 
Experiment to show that one with starch and water, the other with 
food material passes gQgar and Water, and a piece of parchment 

downm the inner bark. ^ . ^ ^ 

paper is tied over the end of each. The 
lower ends of both tubes are placed in a glass dish under water. 
After twenty-four hours, the water in the dish is tested for starch, 
and then for sugar. We find that only the sugar, which has been 
dissolved by the water, can pass 
through the membrane. 

Digestion. — Much of the food 
made in the leaves is stored in 
the form of starch. But starch, 
being insoluble, cannot be passed 
from cell to cell in a plant. It 
must be changed to a soluble 
form, for otherwise it could not 
pass through the delicate cell 
membranes. This is accomplished 
by the process of digestion. We 
have already seen that starch is 

changed to grape sugar in the Experiment to show osmosis of sugar 
^ . - (right hand tulx?) and non-osmosis 

com by the action of a substance of starch (left hand tube). 
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(an enzyme) called diastase. This process of digestion seemingly 
may take place in all living parts of the plant, although most of 
it is done in the leaves. In the bodies of all animals, including 
man, starcliy foods are changed in a similar manner, but by 
other enzymes, into soluble grape sugar. 

The food material may be passed in a soluble form until it comes 
to a place where food storage is to take place, then it can be trans- 
formed to an insoluble form (starch, for example) ; later, when 
needed by the plant in growth, it may again lie transformed and sent 
inasolubleform through the stem to the place where it will be used. 

In a similar manner, protein seems to be changed and trans- 
ferred to various parts of the plant. Some forms of protein sub- 
stance are solttbU and others inaoliAle in water. White of egg, for 
example, is slightly soluble, but can be rendered insoluble by heat- 
ing it so that it coagulates. Insoluble proteins are digested within 
the plant ; how and where is but slightly understood. In a plant, 
soluble proteins pass down the sieve 
tubes in the bast and then may be stored 
n the bast or medullary rays of the wood 
1 insoluble form, or they may pass 
into the fruit or seeds of a plant, and Ik' 
stored there. 

What forces Water up the Stem. — We 
have seen that the process of osmosis is 
responsible for taking in soil water, and 
that the enormous absorbing surface ex- 
posed by the root hairs makes i)ossible 
the absor])tion of a large amount of wat^-r. 
Frequently this is mon- than the w<'ight 
of the plant in every twenty-four hours. 

Experiments have been made whi<'h 
show that at certain times in the year 
this water is in some way forced up the i^rilJ'spasa'dowTi.' 
tiny tubes of the stem. During the 

spring season, in young and rapidly growing trees, water has been 
proved to rise to a height of nearly ninety feet. The force that 
causes this rise of water in stems is known as root pressure. 
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The greatest factor, however, is tcanepiration of water from 
leaves. This evaporation of water in the form of vapor seems to 
result in a kind of suction on the column of water in the stem. In 
the fall, after the leaves have gone, much less water is taken in by 
roots, showing that an intimate? relation exists between the leaves 
and the root. 

Summary of the Functions of Green Plants. — The processes 
which we have just described (with the exception of food making) 
are those which occur in the lives of any plant or animal. All 
plants and animals breathe, they oxidize their foods to release 
energy, carbon dioxide being given off as the result of the union of 
the carbon in the foods with the oxygen of the air. Both plants 
and animals digest their food ; plants may do this in the cells of 
the root, stem, and leaf. Digestion must always occur so that food 
can be moved in a soluble condition from cell to cell in the plant's 
body. 

Plants with Special Digestive Organs. — Some plants have 
special organs of digestion. One of these, the sundew, has leaves 
which are covered on one side with tiny glandular hairs. These 





attract insects and later serve to catch anil dige.st the nitrogenous 
matter of these insects by means of enzjTiies poured out by the 
same hairs. Another plant, the Venus fly trap, catches insects 
in a sensitive leaf which folds up and holds the insect fa.it until 
enzymes poured out by the leaf slowly digeijt it. Still others, 
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called pitcher plants, use as food the decayed bodies of insects 
which fall into their cuplike leaves and die there. In this respect 
plants are like those animals which have certain organs in the 
body set apart for the digestion of food. 

Assimilation. — The assimilation of foods, or making of foods 
into living matter, is a process we know very little about. We 
know it takes place in the living cells of plants and animals. But 
how foods are changed into living matter is one of the mysteries 
of life which we have not yet solved. 

Excretion. — The waste and repair of living matter seems to 
take place in both plants and animals. When living plants 
breathe, they give off carbon dioxide. In the process of starch- 
making, oxygen might be considered the waste product. Water 
is evaporated from leaves and stems. The leaves fall and carry 
away waste mineral substances which they contain. 

Reproduction. — Finally, both plants and animals have organs 
of reproduction. We have seen that the flower gives rise, after 
pollination, to a fruit which holds the seeds. These seeds hold 







(c) 

The cmbryo8 of («) tho morning glory, (h) the barberry, (r) th" potuto, (rf) the 
four o'clock, showing the position of their food supply. (After Gray.) 



the embryo. Thus the young plant is doubly protected for a time 
and is finally thrown off in the seed with enough food to give it a 
start in life. In much the same way we will find that animals 
reproduce, either by laying eggs which contain an embryo and food 
to start it in life or, as in the higher animals, by holding and pro- 
tecting the embryo within the body of the mother until it is bom, 
a helpless little creature, to be tenderly nourished by the mother 
until able to care for itself. 

The Life Cycle. — Ultimately both plants and animals grow 
old and die. Some plants, for example the pea or bean, live but 
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a seaijon ; others, such as the big trees of California, live for hun- 
dreds of years. Some insects exist as adults but a day, while the 
elephant is said to live almost two hundred years. The span of 
life from the time the plant or animal begins to grow until it dies 
is known as the life cycle. 
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IX. OIR FORESTS, THEIR USES AND THE NECES- 
SITY FOR THEIR PROTECTION 

ProM€tn.-~Man'»rp}ntwns tofareKtu. 

Ui) mutt is the rnJiir of forests to nmn? 

{b) fi'/iat ran man, do to prevent forest (Icjftriirtion? 
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Visit (o Museum to sludv some t«onomio use 


s of wood. 


Visit to Museum or field trip to learo some c 


mmon tree:). 



The Economic Value of Trees. Protection and Regulation of 
Water Supply. — Trtr.s form a protective t-ovoring for piirtw of 





Uif French Alps. 



106 OUR FORESTS 

the earth's surface. They prevent soil from being washed away, 
and fhey hold moisture in the ground. The devastation of im- 
mense areas in China and 
considerable damage by 
floods in parts of Switzer- 
land, France, and in Penn- 
sylvania has resulted where 
the forest covering has 
been removed. No one 
who has tramped through 
our Adirondack forest can 
escape noticing the differ- 
ences in the condition of 
streams surrounded by 
forest and those which 
flow through areas from 
which trees have been cut. The latter streams often dry up 
entirely in hot weather, while the forest-shaded stream has a 
never failing supply of crystal water. 

The city of New York owes much of its importance to its posi- 
tion at the mouth of a great river with a harlwr large enough to 
float the navies of the 
world. This river is 
supplied with water 
largely from the Adi- 
rondack an<l Catskill 
forests. Should these 
forests be destroyed, it 
is not impos-iible that 
the frequent freshets 
which would follow 
would so fill the Hud- 
son River with silt and 
debris that the ship 
channels in the bay, 
already costing the government hundreds of thousands of dollars 
a year to keep dredged, would become too shallow for ships. If 
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this should occur, the greatest city in this country would soon 
lose its place and become of second-rate importance. 

The story of how this very thing happened to the old Greek 
city of Poseidonia is graphically told in the following lines : — 

" It was such a strange, tremendous story, that of the Greek Poseidonia, 
later the Roman Psestum. Long ago those adventuring mariners from 
Greece had seized the fertile plain, which at that time was covered with 
forests of great oak and watered by two clear and shining rivers. They 
drove the Italian natives back into the distant hills, for the white man's 
burden even then included the taking of all the desirable things that were 
being wasted by incompetent natives, and they brought over colonists — 
whom the philosophers and moralists at home maligned, no doubt, 
in the same pleasant fashion of our own day. And the colonists cut 
down the oaks, and plowed the land, and built cities, and made harbors, 
and finally dusted their busy hands and busy souls of the grime of labor and 
wrought splendid temples in honor of the benign gods who had given them 
the possessions of the Italians and filled them with power and fatness. 

" Every once in so often the natives looked lustfully down from the hills 
upon this fatness, made an armed snatch at it, were driven back with bloody 
contumely, and the heaping of riches upon riches went on. And more and 
more the oaks were cut down — mark that ! for the stories of nations 
are so inextricably bound up with the stories of trees — until all the plain 
was cleared and tilled ; and then the foothills were denuded, and the wave 
of destruction crept up the mountain sides, and they, too, were left naked 
to the sun and the rains. 

" At first these rains, sweeping down torrentially, unhindered by the 
lost forests, only enriched the plain with the long-hoarded sweetness of 
the trees ; but by and by the living rivers grew heav^y and thick, vomiting 
mud into the ever shallowing harbors, and the land soured with the un- 
drained stagnant water. Commerce turned more and more to deeper 
ports, and mosquitoes began to breed in the brackish soil that was making 
fast between the city and the sea. 

" Who of all those powerful landowners and rich merchants could ever 
have dreamed that little buzzing insects could sting a great city to death? 
But they did. Fevers grew more and more prevalent. The malaria 
haunted population went more and more languidly about their business. 
The natives, hardy and vigorous in the hills, were but feebly repulsed. 
Carthage demanded tribute, and Rome took it, and changed the city's 
name from Poseidonia to PsBstum. After Rome grew weak, Saracen 
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corsairs came in by sea and grasped the slackly defended riches, and the 
little winged poisoners of the niglit struck again and again, until grass 
grew in the streets, and the wharves crumbled where they stood. Finally, 
the wrctclied remnant of a great people wandered away into the more 
wholesome hills, the marshes rotted in the heat and grew up in coarse 
reeds where corn and vine had flourished, and the city melted back into 
the wasted earth."' 

Prevention of Erosion by Coveriag of Organic Soil. — We have 
shown how ungoveriied streams might dig out soil and carry it 
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(Cariii'gii' lustitutiuri Ri-sfan;h iu China.) 

far from its original source. Examples of wliat streams liave done 
may be seen in the deltas formed at the mouths of great rivers. 
The forest prevents this by holding the water supply and letting it 
out gradually. This it does by covering the inorganic soil with 
humus or decayed oi^anic material. In this way the forest floor 

■ Elizabeth Biuland and Aiinc Huyt, Seckert in Sicily. John Lunc Company. 
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becomes like a sponge, holding water through long periods of 
drought. The roots of the trees, too, help hold the soil in place. 
The gradual evaporation of water through the stomata of the leaves 
cools the atmosphere, and this tends to precipitate the moisture 
in the air. Eventually the dead bodies of the trees themselves are 
added to the organic covering, and new trees take their place. 

Other Uses of the Forest. — In some localities forests are used 
as windbreaks and to protect mountain towns against avalanches. 




The forest regions of the Umted States. 

In winter they moderate the cold, and in summer reduce the heat 
and lessen the danger from storms. Birds nesting in the woods 
protect many valuable plants which otherwise might be destroyed 
by iasecta. 

Forests have great commercial importance. PjTogallic and 
other acids are obtained from trees, as are tar, creosote, resin, tur- 
pentine, and many useful oils. The making of maple sirup and 
sugar forms a profitable industry in several states. 

The Forest Regions of the United States. — The combined area 
of all the forests in the United States, exclusive of Alaska, is about 
500,000,000 acres. This seemingly immense area is rapidly de- 
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creasing in acreage and in quality, thanks to the demands of an 
increasing population, a woeful ignorance on the part of the owners 
of the land, and wastefulness on the part of cutters and users alike. 
A glance at the map on page 109 shows the distribution of 
our principal forests. Washington ranks first in the produc- 
tion of lumljcr. Here the great Douglas fir, one of the "ever- 
greens," forms the chief source of supply. In the Southern states, 
especially Louisiana and Mississippi, yellow pine and cypress are 
the trees most lumbered. 

Which states pro<luce the most hardwoods? From which states 
do we get most of our yellow pine, spruce, red fir, redwood? 
Where are the heaviest forests of the United States? 

Uses of Wood. — Even in this day of coal, wood is still by far 
the most used fuel. It is useful in building. It outlasts iron 
under water, in addition to 
being durable and light. 
It is cheap and, with care 
of the forests, inexhaust- 
ible, while our mineral 
wealth may some day be 
used up. Distilled wood 
gives wood alcohol. Par- 
tially burned wood is char- 
coal. In our forests much 
of the soft wood (the coin-- 
l>earing trees, spruce, bal- 
sam, hemlock, and pine), 
and poplars, aspens, biu^swood, with some other species, make paper 
pulp. The daily newspaper and cheap books are responsible for in- 
roads on our forests which cannot well be repaired. It is not nec- 
essary to take the largest trees to make pulp wood. Hence many 
young trees of not more than six inches in diameter are sacrificed. 
Of the hundreds of species of trees in our forests, the conifers are 
probably most sought after for lumber. Pine, especially, is prob- 
ably used more extensively than any other wood. It is used in 
all heavy construction work, frames of houses, bridges, masts, 
spars and timber of ships, floors, railway ties, and many other 
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purposes. Cedar is used for shingles, cabinetwork, lead pencils, 
etc. ; hemlock and spruce for heavy timbers and, as we have seen. 
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for paper pulp. Another use for our lumber, especially odds and 
ends of all kinds, is in the packing-box industry. It is estimated 
that nearly 50 per cent of all lumber cut ultimately finds its way 
into the construction of boxes. 
Hemlock bark is used for tanning. 
The hard woods — ash, bass- 
wood, beech, birch, cherry, che.st- 
nut, elm, maple, oak, and walnut 
— are used largely for the " trim " 
of our houses, for manufacture of 
furniture, wagon or car work, and 
endless other purposes. 

Methods of cutting Timber. — A Diugrama of »rctioiia of timber. 

glance at the diagram of the sections "■ ""^ *'^"""L,^ radiiJ ; c tan- 

of timber shows us that a tree may be „( ARriciilturt.) 

cut radially through the middle of 

the tnmk or tangentlally to the mi<ldlc portion. Most lumber is cut 

tangentially. In wood cut in this manner the yearly rings take a more 

or less irregular course. The grain in wood is caused by the fibers not 
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taking straight lines in their course in the tree trunk. In many cases the 
fibers of the wood take a spiral course up the trunk, or tlicy may wave 
outward to form little projections. Hoards cut out of such a piece of 
wood will show the efTect seen in many of the school 
desks, where the annual rings appear to form ellip- 
tical markings. Quite a difference in color and 
structure is often seen between the heartwood, 
composed of the dead walls of cells occupying the 
central part of the tree trunk, an<i the sapwood, 
the living part of the stem. 

Knots. — Knots, as can be seen from the dia- 
gram, arc branches which at one time started in 
their outward growth and were for some reason 
killed. Later, the tree, contitming in it-s outward 
growth, surrounded them and covered them up. 
A dead limb should be pruned before such growth occurs. The markings 
in bird's-eye maple are caused by buds which liave not developed, and 
have been overgrown with the wood of the tree. 

Destruction of the Forest. — By Wante in Cutting. — Man is 
responsible for the destruction of one of this nation's moat valuable 
assets. This is primarily due to wrong and wasteful lumbering. 
Hundreds of thousands of dollars' worth of lumber is left to rot 
annually because the lumbermen do not cut the trees close enough 
to the ground, or because through careless felling of trees many 
other smaller trees are injured. There is great wjisto in the mills. 
In fact, man wastes in every step from the forest to the finished 
produet. 

By Fire. — Indirectly, man is resiwnsiblc for fire, one of the 
greatest <'nemiL'S of the forest. -Mo.st of the great forest fires of 
recent years, the los-ses from which total in tlie hundreds of mil- 
lions, have been due cither to railroad.s or to carelessness in maldng 
fires in the woods. It is estimated that in forest lands traversed 
by railroads from 25 per cent to 90 per cent of the fires are cause<I 
by coal-burning locomotives. For this reason laws Imve been made 
in New York State requiring locomotives passing through the 
Adirondack forest preserve to bum oil instead of coal. This 
has resulted in a considerable reduction in the number of fires. In 
addition to the loss In timlxir, the fires often bum out the organic 
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(natter in tho soil (the " Huff ") forming the forest floor, thus pre- 
venting the growth of forest there for many years to come. In 
New York and other states fires are fought hy an organized corps 
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A forpst in thi) tar west totally di'ntroycil hy firt- aii.i wiiaU-ful liiiiilxTiiig, 

of fire wardens, whose duty it is to watch the forest and to fight 
forest fires. 

Other Enemies. — Other enemies of the forest are numerous 
fungus plants, insect parasites which bore into the wood or destroy 
the leaves, and grazing animals, particularly sheep. Wind and 
snow also annually kill many trees. 

Forestry. — In some parts of central Europe, the value of the 
forests was seen as early as the year 1300 a.d., and many towns 
consequently bought up the surrounding forests. The city of 
Zurich has owned forests in its vicinity for at least 600 years and 
has found them a profitable investment. In this country only 
recently has the importance of preserving and caring for our 
forests been noted by our government. Now, however, we have a 
Forest Survey of the Department of Agriculture and numerous 
state and university schools of forestry which are rapidly teach- 
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ing the iwioplp of this opuntry the 
best methods for tlic prcsprva- 
tion of our forcstw. Tho Federal 
government lijus set ii-side :i num- 
ber of tracts of mountain forest 
in some of the Western states, 
making a total area of over 
167,000,000 acres. New York 
has estjiblished for the same pur- 
pose the Adirondack Park, with 
nearly 1,500,000 acres of timber- 
land, Pennsylvania has one of 
700,000 acres, and many other 
states have followed their ex- 
ample. 

Methods for Keeping and Pro- 
tecting the Forests. — Forests 

should be kejrt thinned. Too many trees are as bad as too few. 

They struggle with one another for foothold anil light, which only 

a few can enjoy. In cutting 

the forest, it should l)e con- 
sidered as a harvest. The 

oldest trees are the " ripe 

grain," the younger trees 

being left to grow to matur- 
ity. Several methods of re- 
newing the forest are in use 

in this country. (I) Trees 

may be cut down and young 

ones allowed to sprout from 

cut stum[>s. This is eallc<l 

coppice growth. This growth 

is well seen in parts of New 

Jersey. (2) Areas or strips 

may lie cut out so that .seeds 

from neighboring trees are 

carried there to start new 
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growth. (3) Forests may be artifioially 
planted. Two seedlings planted for every 
tree rut b a rule followed in Europe (4) 
The most economiciil method is that shown 
in the lower picture on jiiige 1 14, where the 
largest trees are thinned out over a large 
iirca so iUi to make niom for the younger 
ones to grow up. The grcatt'st dangers 
to the forests are from fire and from cure- 
less cutting, and these dangers may !>e 
kept in cheek by the efficient work of our 
national and state foresters. 

A City's Need for Trees. — The city of 
Paris, well known as one of the most 
beautiful of European capitals, spends 
over $100,000 annually in oaring for and 
replacing some of the 90,000 trees owned 
by the eily. All over the United States 
the city governments are l>eginning to 
realize what Eurojiean cities have long 
known, that trees an- of great value to a 
city. They are now following the example of European cities by 
planting trees and by protecting the trees after they are planted. 
Thousands of city trees are annuallj- killed by liorses which 
gnaw the bark. This may be prevenled by proper protection of 
the trunk by means of screens or wire guards. Chicago has 
appointed a city forester, who has given the following excellent 
reaeous why trees should Ijc planted in the eily : — 

(1) Trees arc beautiful in fonn and color, inspiring a consliml appreci- 
ation of nature. 

(2) Trees eiihanci^ the Ijcauty of archilccturc. 

(3) Trees create sentiment, love ut country, staU-, eily, and home.. 

(4) TrccH have an educational influence upon ciliKcns of all ages, 
especially children, 

(5) Trees eneourage outdoor life. 

(6) Trees purify the air. 

(7) Trees cool the air in summer and radiate warmth in winter. 

(8) Trees improve climate and conserve soil and moisture. 
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(9) Trees furnish resting places and shelter for birds. 
(10) Trees increase the value of real estate. 
(U) Trees protect the pavement from the heat of the sun. 
(12) Trees counteract adverse conditions of city life. 

Let us all try to make Arbor Day what it should be, a day for 
caring for and planting trees, for thus we may preserve this most 
important heritage of our nation. 
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X. THE ECONOMIC RELATION OF GREEN PLANTS 

TO MAN 

I^obletns. — How gre4ni plojits are useful to man, 

(a) ^'Is food. 

ib) For clothing. 

(c) Other uses. 

How green plants are harmful to man. 

Suggested Laboratory Work 

If a commercial museum is available, a trip should be planned to work 
over the topics in this chapter. The school collection may well include 
most of the examples mentioned, both of useful and harmful plants. 

A study of weeds and poisonous plants should be taken up in actual 
laboratory work, either by collection and identification or by demon- 
stration. 

Green Plants have a " Dollar and Cents '' Value. — To the girl 
or boy living in the city green plants seem to have little direct 
value. Although we see vegetables for sale in stores and we know 
that fruits have a money value, we are apt to forget that the wealth 
of our nation depends more upon its crops than it does on its 
manufactories and husin(»ss houses. The economic or " dollars 
and cents '' value of plants is enormous and far too great for us 
to comprehend in terms of figures. 

We have already seen some of the uses to mankind of the 
products of the forest ; let us now consider some other plant 
products. 

Leaves as Food. — Grazing animals feed almost entirely on 
tender shoots or leaves, blades of grass, and other herbage. 
Certain leaves and buds are used bv man as food. lettuce, 
beet tops, kale, spinach, broccoli, are examples. A cabbage 
head is nothing but a big bud which has been cultivated by 
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man. An onion is a compact budliko mwfs of thickoiicd leaves 
which contain stored food. 




Stems as Food. — A city rliilii would, if a.skcd to nsLmc .some 
stem used aw food, probably mention a.iparaKu.s. We sometimes 
forget t hat one of our 
greatest neceSsilics, oane 
nil gar, comeH from the 
stem of sugar cane. Over 
seventj' pounds of sugar 
is used eaeli j-ear by every 
person in the United 
States. To supply the 
growing demand beets are 
now being raised for their 
sugar in many parts of 
the world, so that nearly 
half the total supply of 
sugar comes from this 
soune. Maple sugar is 
sti'tiiB na.'d tK fowl. a well-known commodity 

which is olitained by boil- 
ing the sap of sugar maple until it crystallines. Over Hi.OIH) tons 
of maple sugar is obtaimil every spring, Vermont proilucing al»out 
40 ixT cent of the total output. The sago palm is another stem 
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which supports the life of many natives in Africa. Another stem, 
living undci^round, forms one of man's staple articles of diet. 
This is the potato, 

Roots as Food. — Roots which store food for plants form im- 
portant parts of man's vegetable diet. Beets, radishes, carrots, 
parsnips, sweet potatoes, and many others might be mentioned. 

The following tabic shows the proportion of foods in some of 
the commoner roots and stems: — 
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Fruits and Seeds as Foods. — Our cereal crops, corn, wheat, 
etc., have played a very great part in the civilization of man and 
are now of so much importance to liim as food products that bread 




made from flour from the wheat ha.s been called the " staff of life." 
Our grains are the cultivated progeny of wild grasses. Domesti- 
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cation of plants and animals marks epochs in the advance of civili- 
zation. The man of the stone age hunted wild beasts for food, 
and lived like one of them in a cave or wherever he happened to 
be ; he was a nomad, a wanderer, with no fixed home. He may 
have discovered that wild roots or grains were good to eat ; per- 
haps he stored some away for future use. Then came the idea of 
growing things at home instead of digging or gathering the wild 
fruits from the forest and plain. The tribes which first cultivated 
the soil made a great step in advance, for they had as a result a 
fixed place for habitation. The cultivation of grains and cereals 
gave them a store of food which could be used at times when other 
food was scarce. The word ^' cereal " (derived from Ceres, the 
Roman Goddess of Agriculture) shows the importance of this crop 
to Roman civilization. From earliest times the growing of grain 
and the progress of civilization have gone hand in hand. As 
nations have advanced in power, their dependence upon the cereal 
crops has been greater and greater. 

" Indian corn,'' says John Fiske, in The Discovery of America, 
** has played a most important part in the history of the New 
World. It could be planted without clearing or plowing the soil. 
There was no need of threshing or winnowing. Sown in tilled land, 
it yields more than twice as much food per acre as any other kind 
of grain. This was of incalculable advantage to the English 
settlers in New England, who would have found it much harder 
to gain a secure foothold upon the soil if they had had to begin by 
preparing it for wheat or rye." 

To-day, in spite of the great wealth which comes from our 
mineral resources, live stock, and manufactured products, the 
surest index of our country's prosperity is the size of the corn 
and wheat crop. According to the last census, the amount of 
capital invested in agriculture was over $20,000,000,000, while 
that invested in manufacture was less than one half that amount. 

Corn. — About three billion bushels of com were raised in the 
United States during the year 1910. This figure is so enormous 
that it has but little meaning to us. In the past half century 
our corn crop has increased over 350 per cent. Illinois and Iowa 
are the greatest corn-producing states, each having a yearly record 
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of over four hundred million bushels. The figure on this page 
shows the principal corn-producing areas in the United States. 

Indian com is put to many uses. It is a valuable food. It con- 
tains a lai^e proportion of starch, from which glucose (grape sugar) 
and alcohol are made. Machine oil and soap are made from it. 
The leaves and stalk are an excellent fodder ; they can be made 
into paper and packing material. Mattresses can be stuffed with 
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the husks. The pith is used a-s a protective belt placed below the 
water line of our huge battleships. Corn cobs are used for fuel, 
one hundred bushels having the fuel value of a ton of coal. 

Wheat. — Wheat is the crop of next greatest importance in size. 
Nearly seven hundred millions of bushels were raised in this 
country in 1910, representing a total money value of over $700,- 
000,000. Seventy-two per cent of all the wheat raise*! comes from 
the North Central states and California. About three fourths of 
the wheat crop is exported, nearly one half of it to Croat Britain, 
thus indirectlj' giving emplo>Tnent to thousands of people on rail- 
ways and steamships. Wheat ha-s its chief use in its manufactun- 
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into flour. The germ, or young wheat plant, is sifted out during 
this process and made into breakfast foods. Flour making forms 
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Wheat Crop In United St«tes — PercentAge Source 
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the chief iiuluslryof Minm'a|Milis, Minnt'suta, and of several other 
large and wealthy cities in this country. 

Other Grains. — Of the other grain and cereais raised in this 
country, oats are the most important crop, over one billion bushels 
having been produced in 1910. Barley is another grain, a staple 
of some of the northern countries of Europe and Asia. In thb 
country, it is largely used in making malt for the manufacture of 
beer. Rye is the most important cereal crop of northern Europe, 
Russia, Clermany, and Austro-Hungary producing over 50 per 
cent of the world's supply. One of the most important ,;rain crops 
for the world (although relatively unimportant in the United 
States) is rice. The fruit of tliis gnuwlikc plant, after thrashing, 
screening, and milling, forms the principal food of one third of the 
human race. MonH»ver, its stems furnish straw, its husks mak<t 
a bran use<l as food fur cattle, and the grain, when ferment*'d and 
distilled, yields alcohol. 
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A lii'lil ut Ticf, showiuE the conditions of culture. 

Garden Fruits. — Green plants and especially vegetables have 
come to play an important part in the dietary of man. The 
discaaes known aa scurvy and beri-heri, the latter the curse of the 
far Eastern navies, have been largely prevented by adding vege- 
tables and fruit juices to the dietary of the sailors. People in 
tills country are l)cginning to find tliat more vegetables and less 
meat are Iwtter than the meat diet so often ased. Market gar- 
dening forms the lucrative business of many thousands of people 
near our great cities. Some of the more important fruits are 
squash, cucumbers, pumpkins, melons, tomatoes, peppers, straw- 
berries, raspberries, and blackberries. The latter fruits bring in 
an annual income of $25,000,000 to our market gardeners. Beans 
anil peas are important as foods because of their relatively large 



124 ECONOMIC IMPOHTANC^E OF GREEN PLANTS 



amount of protein. Canning green com, pe^s, beans, and toma- 
toes has become an important industry. 

Orchard and Other Fruits. — In the United States over one 

hundred and seventy-five million bushels of apples are grown every 

year. Peara, plums, apricots, peaches, and nectarines also form 

large orchards, especially in California. Nuts form one of our 

important articles of food, 

largely because of the large 

amount of protein contained 

in them. 

The grape crop of the 
world is commercially valu- 
able, because of the raisins 
and wine produced. The 
culture of lemons, oranges, 
and grapefruit has come 
in recent years to give a 
living to many people in 
this country as well as in 
other parts of the world. 
Figs, olives, and dates are 
staple foods in the Mediter- 
ranean countries and are 
sour»-es of wealth to the 
people there, as are coco- 
nuts, bananas, and many 
other fruits in tropical 
count rios. 
Beverages and Condiments. — The coffee and cacao beans, and 
leaves of the tea plant, products of tropical repons, form the basis 
of very important beverages of civilizwl man. Popper, black and 
red, mustard, allspice, nutmegs, cloves, and vanilla are all product^s 
manufactured from various fruits or seeds of tropical plants. 

Alcoholic liquor.« are produced from various plants in different 
parts of the world, the dried fruit of the hop vine being an 
important product of New York Stale used in the making of 
beer. 
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Raw Materials. — Besides use as fowl, green plants have many 
other uses. Many of our city industries would not be in existence, 
were it not for certun plant products which furnish the raw ma- 
terials for many manufacturing industries. Many cities of the 
east and south, for example, depend upon cotton to give employ- 
ment to thousands of factory hands. 

Cotton. — Of our native plant pro<iucts cotton is probably of 
the most importance to the outside world. Over eleven million 
bales of five hundreil {Kjunds each arc riused annually. 




Cotton Crop In United States — Percent«Ee Soarc« 
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Cotton Crop In United States — Percentage Consumption 
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The cotton plant thrives in warm regions. Its commercial 
importance is gained because the seeds of the fruit have long fila- 
ments attached to them. Bunches of these filaments, aftcir treat 
ment, are easily twisted into threads from which are manufactured 
cotton cloth, muslin, calico, and cambric In addition to the 
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by cold, otlirr insects prey on them, but at tho present time they 
are one of the Rrealest pestrt the south knows. 

The conln)! of this i««t scem.t to depeiul up<jn t-arly planting so 
thut tlie crop has an opportunity to ripi'n Iwfore tlie inst-etf! in the 
lx)il grow large enough to do harm. Ultimately the l)oll weevil 




Mexican 



may do more good than harm by bringing into the market a type 
of cotton plant that ripens very eariy. 

Vegetable Fibers. — Among the most important are Manila 
hemp, which I'omes from the leaf-stalks of a plant of the banana 
family and true hemp, which is the bast or woody fiber of a plant 
eultivated in most warm parts of the earth. Flax is also an im- 
jiortant fiber plant, grown largely in Russia and other parts of 
Europe (see picture on next pjige). From the bast fibersoftlie 
stem of this herb linen cloth is made. 

Vegetable Oils, — Some of the same plants which give fiber 
also produce oil. Cotton seed oil pressetl from the seeds, linseed 
oil from the seeds of the flax plant, and coconut oil (tho covering 
of the nut here producing the fiber) are examples. 

Some Harmful Gieen Plants. — We have seen that on the whole 
green plants are useful to man. There are, however, some that 
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arc harmful. For cxainplo. the 
poison ivy is extremely poison- 
ous to touch. The poison ivy 
irt a c-limbing plant which at- 
taches itself to the trees or 
walls by means of tiny air 
roots which grow out from the 
stem. It is distinguished from 
its harmless climbing neighbor, 
the Virginia Creeper, by the 
fact that its leaves are notched 
ill threes instead of fives. Every 
boy and girl should know 
jioison ivy. 

Numerous other poisonous 
common plants are found, but 
one other deserves special 
notice because of its presence 
in vacant city lots. The Jim- 



son Weed (Dntura) is a bushy plant, 
from two to five feet high, bearing 
large leaves. It ha.s white or pur- 
plish flowers, and later bears a four- 
valved seed pod containing several 
hundred seeds. These plants con- 
tain a powerful poison, and peojfle 
are often made seriously ill bj' 
eating the roots or other parts by 
mistake. 

Weeds. — From the economic 
standpoint the green plants which 
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do the greatest damage are weeds. Those plants which provide 
best for their young are usually the most successful in life's 
race. Plants which combine with the ability to scatter many 
seeds over a wide territory the additional characteristics of rapid 
growth, resistance to dangers of extreme cold or heat, attacks of 
enemies, inedibility, and peculiar adaptations to cross-pollina- 
tion or self-pollination, are usually spoken of as weeds. They 
flourish in the sterile soil of the roadside and in the fertile soil of 
the garden. By means of rapid growth they kill other plants of 
slower growth by usurping their territor>'. Slow-growing plants 
are thus actually exterminated. Many of our common weeds 
have been introduced from other countries and have, through 
their numerous adaptations, driven out other plants which stood 
in their way. Such is the Russian Thistle. A single plant of 
this kind will give rise to over 20,000 seeds. First introduced from 
Russia in 1873, it spread so rapidly that in twenty years it had 
appeared as a common weed over an area of some twenty-five 
thousand square miles. It is now one of the greatest pests in our 
Northwest. 
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XL PLANTS WITHOUT CHLOROPHYLL IN THEIR 

RELATION TO MAN 

Problems. — (a) IIoiv molds and otJwr saprophytic fungi do 
harni to nian, 

(b) What yeasts do for mankind. 

(c) A study of bacteria with reference to 

(1) Conditions favorable and unfavorable to growth. 
{2) Their relations to mankind. 

(e?) Some nietlwds of fighting liarniful bacteria aiul 
diseases caused by them. 

Laboratory Sugcjestions 

Field work. — Presence of bracket fungi and chestnut canker. 

Home experiment. — Conditions favora!>Ie to jErrowth of mold. 

Laboratory demonstration. — Growth of mold, structure, drawing. 

Home experiment or laboratory dttnonslration. — Conditions unfavorable 
for growth of molds. 

Demonstration. — Process of fermentation. 

Microscopic demonstration. — Gn)W^ing yeast cells. Drawing. 

Home experiment. — Conditions favorable for growth of yeast. 

Home exptriynent. — Conditions favorable for gro^\lh of yeast in bread. 

Demonstration and experiment. — Where bacteria may be found. 

Demonstration. — Methods of growth of bacteria, pure cultures and col- 
onies shown. 

Demonstration. — Poods preferred by bacteria. 

Demonstration. — Conditions favorable for growth of bacteria. 

Demonstration. — Conditions unfavorable for growth of bartteria. 

De numeration by charts, diagrams, etc. — The relation of bacteria to 
disease in a large city. 

COLORLESS PLANTS ARE I'SEFTTL AND HARMFUL TO MAN 

The Fungi. — We have found that green plants on the whole 
are useful to mankind. But not all plants are ^een. Most of 
us are familiar with the edible mushroom sold in the markets or 
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the so-called " toadstools " found in parks or lawns. These 
plants contain no chlorophyll and hence do not make their own 
food. They are members of the plant group called Jiingi. Such 
plants are almost an much dependent upon the green plants for 
food as are animals. But the fungi require for the most part 
dead organic matter for their food. This may he obtained from 
tiecayed vegetable or animal material in soil, from the liodies of 
dead plants and animals, or even from foods prepared for man. 
Fungi which feed upon dead organic material are known as sap- 
rophytes. Examples are the mushrooms, the yeasts, molds, and 
some bacteria, of which more will be learned later. 

Some Parasitic Fungi. — Other fungi (and we will find this 
applies to some animals as well) prefer living plants or animals 
for their food. Thus a tiny 
plant, recently introduced 
into this country, kno'.vn 
as the chestnut canker, is 
killing our chestnut trees by 
the thousands in the eastern 
part of the United States, 
It produces millions of tiny 
repnxlucfive cells known as 
spores; these spores, blown 
about by the wind, linht on 
the trees, sprout, and send 
in under the bark a thread- 
like structure which sncLf 
in the food circulating in 
the living cells, eventually 
causing the death of the 
tree. A plant or animal 
which live^ at the expense of 
another living plant or ani- 

mal is called a parasite. The chestnut canker is a dangerous 
parasite. Later we shall see that animal and plant parasites de- 
stroy yearly cro|>s and tn-cs valued at hunrlreds of millions of 
dollars and cause untold misery and suffering to humanity. 
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Another fungus which docs much harm to the few trees found 
in large towns and cities is the shelf or bracket fui^us. The part 
of the h(Kiy visible on the tree looks like a shelf or bracket, hence 
the name. This bracket is in 
reality th<' reproductive part of 
the plant; on its lower gurfa(« 
are forme<l millions of little 
bodies called spores. These 
M|>ores are capable, under favor- 
able coiiditioiiB, of reproducing 
new plants. The true body of 
the plant, a network of threads, 
is found under the bark. This 
fungus begins its life as a spore 
in some part of the tree which 
has become diseased or broken. 
Once established, it spreads 
rapidly. There is no remedy 
except U> kill the tree and bum 
it, so as to destroy the spores. 
Many fine trees, sound excfpt 
f<ir a siiglil bruise or other in- 
jury, are annually infected and eventually killed. In cities thou- 
sands of trees become infected through earelew hitching of horses 
SI) thill I he horse may gnaw the tree, thus exi«x-iing a fresh surface 
im which spores may obtain lodgment and grow (sec page 115). 

Suggestions for Field Work. - A field hip to a |mrk or grove near 
home may show (liegrciit destruftioti of tinihcrby thi.s menus. Count the 
iiuiiilii'i- of [MTff'ct tri'i's in u given area. Coiiiparc i( with the tiumber of 
(rci's at tucked l>y the fungus. Do4's the funftu--* apiwiir to lie transmitted 
from one tree to iiiiolher near at hand? In how many insliinecs can you 
dis{'ovcr the point where the fungus firHt attacked the tree? 

Fungi of our Homes. — But not all fungi are wild. Some have 
become introduced into our homes and these live on fo<Kl or other 
materials. Tbene jtlaiitx are very iin-pm-tant hecriiisi' iif llirjr relation 
to life in (I t'WH or crowded city.' 
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The Growth of Bread Mold. — If a piece of moist bread ie 
exposed to the air of the schoolroom, or in your own kitchen for a 
few minutes and then covered with a glass tumbler and kept in a 
warm place, in a day or two a fuzzy whitish growth will appear on 
the surface of the bread. This growth shortly turns hla(^k. !f we 
now examine a little piece of the 
bread with a lens or low-powered 
microscope, we find a tangled 
mass of threads (the mycelium) 
covering the surface of the bread. 
From this mass of threads pro- 
ject tiny upright stalks bearing 
round black bodies, the fruit. 
Ljttle rootlike structures known 
as rkizoids dip down into the 
bread, and absorb food for its 
threadlike body. The upright 
threads with the balls at the end cont^n many tiny bodies 
called xpores. These spores have been formed by the division of 
the protoplasm making up the fruiting bodies into many separate 
cells. When grown under favorable conditions, the spores will 
produce more mycelia, which in turn bear fruiting bodies. 

Physiology of the Growth of Mold. — Molds, in order to grow 
rapidly, need oxygen, moisture, and moderate heat. They seem 
to prefer dark, damp places where there is not a free circula- 
tion of air, for if the bell jar is removed from growing mold 
for even a short time, the mold wilts. Too great or very little 
heat will prevent growth and kill everything except the spores. 
They obtain their food from the material on which they live. 
This they are able to do by means of digestive enzvmes given out 
by the rootlike parts, by means of which the molds cling to the 
bread. These digestive enzymes change the .starch of the breati to 
sugar and the protein to a soluble form which will pass by osmosis 
into cells of the moid. Thus the mold is able to absorb food 
material. These foods are then used to supply energy and make 
protoplasm. This seems to be the usual method by which sapro- 
phytes make use of the materials on which they live. 
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Dry dusting or sweeping will raise dust, which usually contains 
mold spores. Use a dampened broom or dust cloth frequently in 
the kitchen if you wish to preserve foods from molds. 

Other Moldlike Fungi. — Mildews are near relatives of the 
molds found in our homes. They may attack leather, cloth, etc., 
in a damp house. Other allied forms may do damage to living 
plants. Some of these live upon the lilac, rose, or willow. These 
fungi do not penetrate the host plant to any depth, for they obtain 
their food from the outer layer of cells in the leaf of their host and 
cover the leaves with the whitish threads of the niycelium. 
Hence they may be killed by means of applications of some 
fungus-killing fluid, as Bordeaux mixture.' Among the useful 
plants preyed upon by mildews are the plum, cherry, ami peach 
trees. {The diseases known as black knot and peach curl are 
thus caused.) Another important member of this group is the 
tiny parasite found on rye and other grains, which gives us the 
drug ergot. 

Among other parasitic fungi arc rusts and smuts. Wheat rust 
is probably the most destructive paranitic fungus. Indirei'tly this 
parasite is of considerable importance to the citizen of a great city 
because of its effect upon the price of wheat. 

Yeasts in their Relation to Man 

Fermentation. — It is of common knowledge to country boys 
or girls that the juice of fresh apples, grapes, and some other 
fruits, if allowed to stand exposed to the air for a short time will 
ferment. That is, the sweet juice will begin to taste sour and 
to have a peculiar odor, which we recognize as that of alcohol. 
The fermenting juice appears to be full of bubbles which rise to 
the surface. If we collect enough of these bubbles of gas to make 
a test, we find it to be carbon dioxide. 

Evidently something changed some part, of the apple or grape, 
the sugar, (ObHisOb), into alcohol, 2 (C'sHjO), and carbon dioxide, 
2 (C()»). This (chemical process is known as fermentation. 

' 8co Ofrft anil Mayiir. Firal Principlti o/ Agriculture, iia»' fflP, fiir formnlii <if 
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Apparatus to show effect of 
fermentation. N, molasses, 
water and yeast plants ; C\ 
bubbles of earbon dioxide. 



Yeast causes Fermentation. — Let us now take a compressed 

yeast cake, shake up a small portion of it in a solution of mo- 
lasses and water, and fill a fermentation 
tube with the mixture. Leave the tube 
in a warm place overnight. In the 
morning a gas will be found to have 
been collected in the closed end of the 
tube (see Figure on page 138). The 
taste and odor of the liquid shows 
alcohol to be present, and the gas, if 
tested, is proven carbon dioxide. 
Evidently yeast causes fermentation. 
What are Yeasts ? — If now part of 
the liquid from the fermentation tube 
which contains the settlings be drawn 
off, a drop placed on a slide and a little 

weak iodine added and the mixture examined under the compound 

microscope, two kinds of structures will be found (see Figure below), 

starch grains which are stained 

deep blue, and other smaller 

ovoid structures of a brownish 

yellow color. The latter are 

yeast plants. 

Size and Shape, Manner of 

Growth, etc. — The common 

compressed yeast cake contains 

millions of these tiny plants. 

In its simplest form a yeast 

plant is a single cell. The 

shape of such a plant is ovoid, 

each cell showing under the 

microscope the granular ap- 
pearance of the protoplasm of 

which it is formed. Look for 

tiny dear areas in the cells ; 

these are vacuoles, or si)aces filled with fluid. The nucleus is hard 

to find in a yeast cell. Many of the cells seem to have others 




Yeast and starch Rruins. Notice that the 
starch grains around which are clustered 
yeast cells have Ix^en rounded off by the 
yeast plants. How do you account 
for this ? 
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attached to them, sometimes there being several in a row. Yeast 
cells reproduce very rapidly by a process of budding, a part of the 
parent ceil forming one or more smaller daughter cells which even- 
tually become free from the parent. 

Conditioas fmvomble to growth of Teast, — Experiment. — Label three 
pint fruit jars A, B, and C. Add one fourth of a compressed yeast cake to 
two cups ijf water containing two tablcepoonfuls of molasses or sugar. 
Stir the mixture weU and divide it into tliree equal parts and pour them 
into the jars. Place covers on the jars. Put jar A in the ice box on the 
ice, iind jar B over the kitchen stove or near a radiator ; pour the contents 
of jar C into a small pan and boil for a few minutes. Pour back into V. 
cover and place it next to B. After forty-eight hours, look to see if any 
bubbles have made their appearance in any of the jara. If the experinient 
has been successful, only jar B will show hubbies. After bubbles have 
begun to appear at the surface, the fluid in jar B will be found to have a 
sour taste and will smell unjileasantly. The gaa which rises to the surface, 
if collected and tested, will be found to be carbon dioxide. The contents 
of jar B luive fermented. Evidently, the growth of yeast will take place 
only under conditions of moderate warmth and moisture. 

Caibohydrates necessary to Fermentation. — Sugar must be 
present in order for fermentation to take place. The wild yeasts 
cause fermentation of the apple or grape juice because they live 
on the skin of the apple or grape. Various peoples recognize 
this when they collect the juice of certain fruits and, exposing 
it to the air, allow it to ferment. Such is the saki or rice wine of 
the Japanese, the tuba or sap of the coconut palm of the Philippines 
and the pulqii^ of the Mexicans. 

Beer and Wine Making. — Brewers' yeasts are cultivated with 
the greatest care; for the different flavors of beer seem to de- 
pend largely upon the condition of the yeast plants. Beer is 
made in the following manner. Sprouted barley, called malt, in 
which the starch of the grain has been changed to grape sugar by 
digestion, is killed by drying in a hot kiln. The malt is dissolved 
in water, and hopw are atlded to give tlie mixture a bitter taste. 
Now comes the addition of the yeant plants, which multiply rapidly 
under the favorable conditions of food and heat. Fermentation 
results on a large scale from the breaking down of the grape sugar, 
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Bread Making. — Most of ua are familiar with the process of 
bread making. The materials used are flour, milk or water or 
both, salt, a little sugar to hasten the process of fermentation, or 
" rising," as it is called, some butter or lard, and yeast. 

After mixing the materials thoroughly by a profes.s called "knead- 
ing," the bread is put aside in u warm place (utMUit 75° Fahrenheit) 
to " rise." If we examine the dough at this time, we find it filled 
with holes, whieh give the mass a spongy appearance. The yeast 
plants, owing to favorable conditions, have grown rapidly and filled 
the cavities with carbon dioxide. Alcohol is present, too, but this 
is evaporated when the <lough is bake<l. The baking cooks the 
starch of the bread, drives off the carixtn dioxide and alcohol, and 
kills the yeast plants, besides forming a protective crust on the loaf. 

Sour Bread. — If yeast cakes are not fresh, sour bread may result 
from their use. In such yeast cakes there are apt to be present 
other tiny one-celled plants, known as bacteria. Certain of these 
plants form acids after fermentation takes place. The sour taste 
of the brea^l is usually due to this cause. The remedy would 
be to have fresh yeast, to have good and fresh flour, and to have 
clean vessels with which to work. 

Importance of Yeasts. — Yeasts in their relation to man are 
thus seen to be for the most part useful. They may get into 
canned sulistanees put up in sugar and cause them to " work," 
giving them a peculiar flavor. But they can be easily killed by 
beatii^ to the temperature of Ijoiling. On the other hand, yeast 
plants are necessary for the existence of a|l the great imlustries 
which depend upon fermentation. And best of all they give us 
leavened bread, which has become a necessity to most of mankind. 

Bacteria in their Rei^tion to Maj* 
What Bacteria do and Where They May be Found. — A walk 
through a crowtled city street on any warm day makes one fully 
alive to odors which pervade the atmosphere. Some of these un- 
pleasant odors, if traced, are found to come from K^bage pails, 
from piles of decaying fruit or vegetables, or from some butcher 
shop in which decayed meat is allowed to stand. This character- 
istic phenomena of decay is one of the numerous ways in which 
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(rf) expotteti at the level of a dirty and much-used city street. 

(e) exposed at the level of a well-swept and little-ueed city street, 

{/) exposed in a city park. 

{g) exposed in a factory building. 

(h) dirt from hands placed in dish. 

(/) rub interior of mouth with finger and touch surface of dish. 

{j} touch surface of dish with de<:ayetl vegetable or meat. 

(k) touch surfiue of dish with dirty coin or bill. 

(0 place in dish two or three hairs from boy's head. 

This list might he proloiigiKl indefinitely. 

Now let us place all of the dishes together in a moderately warm 
place (a closet in the schoolroom will do) and watch for results. 
After a day or two little spots, 
brown, yellow, white, or red, will 
Iwgin to appear. These .spots, which 
grow larger day by day, are coUmiea 
made up of millions of bacterin. 
Bui probably each colony ari>sc 
from a single bacterium which gol 
into the disli when it was ex|Miscd 
Uy the air. 

How we may isolate Bacteria of 
Certain Kinds from Others. — In 
order to get a number of bacteria 
of a given kind to study, it iK-eomes « ,M>tri iiish. 

necessary to grow them in what is 

known as a pure culture. Thi.t is done by first growing the 
liactexia in some medium HU(;h a** beef broth, gelatin, or on 
[Kttato.' Then as growth follows the (colonies of bacteria appear 
in the culture media or the beef broth becomes cloudy. If now 
we wish to study one given form, it Ijecomes pecessary to isolate 
them from the others. This is done by the following process; 
a platinum needle is first passed through a flan e to sterilize it ; 
that is, to kill all living things that may be on iie nee<:lle point. 

' For dirertii'UH Tit uiukiiiE u <*iilturt.' tnvdiuiii, sci' HuiitiT. iMbumloru Proliltms 
in Citir Biulooi/. <'ulturc! tiilwH may Im' olitiiini^l. ulr''a<iy |)riipnn-d, rn>in Parke, 
D&vit, and (^opipuiy gr other guud c1 
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[iresence of bacteria in our own environment. They are evidently 
preHciit in the air, and in Rreater quantity in air Miat is moving 
than quiet air. Why? 
That they stick to par- 
ticles of dust can be 
proven by placing a 
little tlust from the 
sclioolruom in a culture 
dish. Bacteria are pres- 
ent in greater numbers 
where crowds of people 
live and move, the air 
from dusty streets of a 
populous city contains 
many more bacteria 
than does the air of a 
village street. The air 
of a city park contains 
relatively few bacteria 
as compared with the 
near-by street. The air 
of the woods or high 
mountains fewer still. 
Why? Our previous 
experiment has shown 
that dirt on our hands, 
the mouth and teeth, 
decayed meat and vege- 
tables, dirty money, the 
very hairs of our head are 
^1 carriers of bacteria. 

Fluids the Favorite Home of Bacteria. — Tap water, stand- 
ing water, milk, vinegar, wine, cider all can be proven to con- 
tain bacteria by experiments similar to those quoted above. 
Spring or artesian well water would have very few, if any, 
bacteria, while the same quantity of river water, if it held any 
sewage, might contain untold millions of these little organisBOB. 
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Ijght. - — If we cover one lialf of a petri dish in wliii-h bacteria 
are growing with black paper and then place the dish in a light 
warm place for a few days, the growth of bacteria in the light part 
of the dish will be found to be checked, while growth continues in 
the covered part. It is a matter of common knowledge that disease 
germs thrive where dirt and darkness exist and are killed by any 
long exposure to sunlight. This shows us the need of light in our 
homes, e-specially in our bedrooms. 

Air. — We have seen that plants need oxygen in order to per- 
form the work that they do. This is equally true of all animals. 
But not all bacteria need air to live ; in fact, some are killed by 
the presence of air. Just how these organisms get the oxygen 
necessary to oxidize their food is not well understood. The fact 
that some bacteria grow without air makes it necessary for us to 
use the one sure weapon we have for their extermination, and that 
is heat. 

Heat. — ExperiTnenl. — Take four cultures containing bouillon, in- 
oculate each tube with bacteria and plug each tube with absorbent cotton. 
Place one tube in the ice box, a second tube in a dark closet at a moderate 
temperature, a third in a warm place (about 100° Fahrenheit), and boil the 
contents of the fourth tube for ten minutes, then place it with tube nun^ 
her two. In which tubes does growth take place most rapidly? Why? 

Bacteria grow very slowly if at all in the temperature of an ice 
box, very rapidly at the room temperature of from 70° to 90° 
and much less rapidly at a higher temperature. All bacteria 
except those which have formed spores can be instantly killed as 
soon as boiling point is reached, and most spores are killed by a few 
minutes boiling. 

Sterilization. — The practical lessons drawn from aterUiialion 
are many. We know enough now to boil our drinking water if 
we are uncertain of its purity; we sterilize any foods that we 
believe might harbor bacteria, and thus keep them from spoiling. 
The industry of canning is built upon the principle* of sterilization. 

Canning. — Caiming is simply a method by which first the 

bacteria in a substance are killed by heating and then the 

substance is put into vessels into which no more bacteria may 

gain entrance. This is usually done at home by boiling the fruit 

HUNTER, CtV, BI. — 10 
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by cielivery waRons to the consumers. When we remember that 
much of the milk used in New York City is forty-eight hours 
old anil when we realize that bacteria grow very rupitily in milk, 
we see the need of finding some way to protect the supply so as 
to make it safe, particularly for l>abicH and young children. 

Thin is done by pasleuriiatiim, a method named after the 
French bacteriologist Louis Past«ur. To pa.steurize milk we 
heat it to a temperature of not over 170° Fahrenheit for from 
ten minutf^s to half an hour. By such a proee.s.s all harmful germs 
will be killed and the keeping qualities of the milk greatly length- 
ened. Most lai^c milk companies pasteurize their city supply by 
a rapid pasteurization at a much higher temperature, but this 
method slightly changes the flavor of the milk. 

Cold Storage. — Man has also come to use cold to keep bacteria 
from growing in foods. The ice i»ox at home and cold storage on a 
larger scale enables one to keep foods for a more or less lengthy 
period. If food is frozen, as in cold storage, it might keep without 
growth of bacteria for years. But fruits and vegetables cannot 
be frozen without spoiling their flavor. And all footls after freez- 
ing seem particularly susceptible to the bacteria of decay. For 
that reason products taken from cold st<iraKe must be used at once. 

Ptomaines. — Many fotxls get tlieir flavor fn)m Ihe growth of 
molds or bai^teria in them. Chivse, butler, the gainey tu-ste of 
certain meats, the flavor of sauerkraut, are all da<' to the work of 
bacteria. But if bactf-ria are allowed to grow so as ti) Ix-come 
very numerous, the ptomaines which result from their growth in 
foods may |X)ison the jx-rson eating such foods. Frefpiently 
ptomaine iH)isoning occurs in the summer time Ih-chukc of the rapid 
growth of bacteria. Much of the indigestion and diarrhtea which 
attack people during the summer is doubtless due to this kind of 
|>oisoning. 

Preservatives.' — This leads us to ask if wc may not i)rescrve 
food in ways other than those mentioned so as to protect our- 
selves from danger of ptomaine poisoning. Many substances 
check the development of bacteria and in this way they preserve 

' Porform p«prrimrnt here to deU-rniiue the value of diRprcnt proBcrvativoa. 
Use siigu, ealt, viacgar, borocic acid, twnioic acid, fonnaldebyde, and alcohol. 
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Salt. S:ih li;i- Ixrii u-cil lor crlilurics 

air >iii(>kt'd, dried, and salted; some are p\ 
solutions. Fish, especially cod and herring 
The keeping of butter is also due to the salt 
gar is another preservative. It, like salt, ( 
materials kept in it and so cannot come in 
are also uscil as preservative's. 

Harmful Preservatives. — Certain clK^mical 
preservatives, seem to bt» on the border 1 
Such are benzoic acid, borax, or boracic aci( 
\m harmless in small quantities, but unfortunat 
we do not always know the amount used. T 
ment in 19()6 passed what is known as the Pui 
makes it illegal to use any of these* preseTvati' 
zoic acid in very small amounts). Food v 
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Of these, the la«t naiiipd is thp most [wworfiil Jis well an the mosi 
dangerous to use. As it attacks metal, it ahoukl not ho used in n 
metal pail or dish. It is commonly put up in tablets which are 
mixed to form a 1 to- 1000 solution. Such tablets should be care- 
fully safeguarded l>ecause of possible accidental poisonii^. 

Formaldehyde used in liquid form is an excellent disinfei'tant . 
When burned in u formalin candle, it sots free an intensely 
]>ungeut gas which is often used for disinf(K'ting sick roomH after 
the patient haa been removed. 

Carbolic acid is perhaps the best di.'^infectant of all. If used 
in a solution of about 1 part to 25 of water, it will not burn the skin. 
It is of particular value 



to disinfect akin wounds, 
ius it heals as well as 
cleanses when used in a 
weak solution. Its rather 
pleasant odor makes it 
useful to cover up un- 
pleasant smells of the 
sick room. 

The fumes of burning 
sulphur, which are so 
often used for disinfect- 
ing, are of little real 
value. 

Bacteria cause Decay. 
— I^et us next see in 
what ways the bacteria 
directly influence man 
upon the earth. Have Tliit 
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sider what life would be 
like on the earth if things did not decay? The sea would soon be 
filled and the land covered with dead Irodies of plants and animals. 
Conditions of life would become impossible and livinK things on 
the earth would wase to exist. 

Fortunately, bacteria cause decay. All organic matter, in 
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rotting of animal matter from the skeletons of sponges, and in the 
process of tanning hides to make leather. 

Nitrogen-fixing Bacteria. — Still other bacteria, as we have 
seen before, " change over " nitrogen in organic material in the 
soil and even the free nitrogen of the air so that it can be used by 
plants in the form of a compound of nitrogen. The bacteria 
living in tubercles on the 
roots of clover, beans, peas, 
etc., have the power of 
thus " fixing " the free 
nitrogen in the air found - 
between particles of soil. 
This fact is made use of by 
farmers who rotate their 
crops, growing first a crop 
of clover or other plants 
having root tubercles, 
which produce the bac- 
teria, then plowing these 
in and planting another 
crop, as wheat or corn, on 
the same area. The latter 
plants, making use of the 
nitrogen compounds there, 
produce a larger crop than 
when grown in ground 
containing less nitrogenous 
material. 

Bacteria cause Disease. — The most harmful bacteria are those 
which cause liiseaaes of plants and animals. Certain diseases of 
plants — blights, rots, and wilts ^ are of bacterial nature. These 
do much annual damage to fruit.s and other parts of growing 
plants useful to man as foo<l. But by far the mast important 
arc the bacteria which cause disease in man. Th<-y accomplish 
this by becoming para.sit«s in the human body. Millions upon 
millions of bacteria exist in the human body at all times — in the 
mouth, on the teeth, in the blood, and especially in the lower 
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openings, or through a 
break in the skin. They 
may be carried by means 
of air, food, or water, 
but are usually trans- 
milted directly from the 
person who has the 
disease to a well per- 
son. This may be done 
through personal con- 
tact or by handling 
articles used by the 
sick person or by drink- 
ing or eating foods 
which have received 
some of the germs. 
From this it follows 
that if we know the 
methods by which a 
given disease is conmiunicated, we may protect ourselves from it 
and aid the civic authorities in preventing its spread. 

Tuberculosis. — The one disease responsible for the greatest 
number of deaths — perhaps one seventh of the total on the 
gtolx- — is tuberculosis. 
It is estimated that of 
ah people alive in the 
United States to-day, 
5,000,000 will die of 
this diseaise. But this 
disease is slowly but 
surely being overcome. 
It is believed that 
within perhaps one 
hundred years, with the 
at<l of good laws and 
sanitary living, it will 
be almost extinct. 



aiDgJc ri.4] scraped from thi' ruof of Ihc mouth 
und highly magnified. The little dola are 
bacterin, mo«t of which are harnilosa. Notice 
tho comparative msc of bacteria and cell. 




Lh'uthe froiij 


tiilu'n-uloo 


1 ro 


iipari'd wilh i,[ 




<iiHPH»-II i 


th~ 


city of Npw Y 


in 1908. 











k 






























.^ 










\ 




































18 


50 I8M 1870 1980 is'so 1900 ISUtj 



ndor rcrtain dmciituHiH. It in only wlicr 
oni-ouf condition, wiipn wt' arc " nm ■'■ 
o niiriisitn mn" -' ' 



PLANTS WITHOUT CHLOROPHYLL 

little 



155 
See also 



plenty of nourishing food and very 
Chapter XXIV. 

Typhoid Fever. — One of the most common germ diseases in 
this country and Europe is typhoid fever. Tliis is a disease which 
is conveyed by mcana of water and food, espei'ially milk, oysters, 
and uncooked vegetalih-s. Typhoid fever germs live in the intes- 
tine and from there g(!t into the blood and arc carried to all parts 
of the body. A poison which they give off causes the fever so 
characteristic of the disease. The germs multiply very rapidly 




in the intestine and are passed off from the body with the excreta 
from the food tuljc. If these germs get into the water supply 
of a town, an epidemic of typhoid will result. Among the recent 
epidemics caused by the use of water containing typhoid germs 
have been those in Butler, Pa., where I3C4 persons were made ill ; 
Ithaca, N. Y., with 1350 cases; and Watertown, N. Y., where 
over 5000 ca.ses occurred. Another source of infection is milk. 
Frequently epi<lemics have occurred which were confined to users 
of milk from a certain dairy. Upon investigation it was found 
that a case of typhoid had occurred on the farm where the milk 
came from, that the germs had washed into the well, and that this 
water was used to wash the milk cans. Once in the milk, the bac- 
teria multiplied rapidly, so that the milkman gave out cultures of 
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disease **eveii unto the third and fourth generation." Grippe, 
pneumonia, whooping cough, and colds are believed to be caused 
by bacteria. Other diseases, as malaria, yellow fever, sleeping 
sickness, and probably smallpox, scarlet fever, and measles, are 
due to the- attack of omMielled animal parasites. Of these we 
shall learn later in Chapter XV. 

Immunity. — It has been found that after an attack of a ji^erm 
disease the body will not soon be again attacked by the same 
diseaije. This immunity, of which we will learn more later, seems 
to be due to a manufacture in the blood of a substance which 
fights the bacteria or their poisons. If a person keeps his body 
in good physical condition and lives carefully, he will do much 
toward acquiring this natural immunity. 

Acquired Immunity. — Modern medicine has discovered means 
of protecting the body from some contagious diseases. Vaccina- 
tion as protection against smallpox, the use of antitoxins (of which 
more later) against diphtheria, and inoculation against typhoid 
are all ways in which we may be protected against diseases. 

Methods of fighting Germ Diseases. — As we have seen, dis- 
eases produced by bacteria may be caused by the bacteria being 
directly transferred from one person to another, or the disease 
may obtain a foothold in the body from food, water, or by taking 
them into the blood through a cut or a wound or a body opening. 

It Ls evident that as individuals we may each do something to 
prevent the spread of germ diseases, especially in our homes. We 
may keep our bodies, especially our hands and faces, (rlean. Sweep- 
ing and dusting may be done with damp cloths so as not to raise a 
dust ; our milk and water, when from a suspicious supply, may be 
sterilized or pasteurized. Wounds through which bacteria might 
obtain foothold in the body should be washed with some antiseptic 
such as carbolic acid (1 part to 25 water), which kills the germs. 
In a later chapter we shall learn more of how we may cooperate 
with the authorities to combat disease and make our city or town 
a better place in which to live.^ 

> Teurh<?rs iiiuy tuk«» up purts or all of Chapter XXIV at this point. 1 have 
found it adviHablo to repeat much of the work on l>acteria fi/Ur the students have 
taken up the stud>' of the human organism. 
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XII. THE RELATIONS OF PLANTS TO ANIMALS 

Frobletntt.— To d^ftermine the general biological relation-t ex- 
isting between plants and animals. 
(«) ,Js shown in a balanced aquarium. 
(6) As shown in hay infusion. 

SCOQESTIONR FOR LABORATORY WoRK 

DemonglTOtion of life in a "balanced" and " ujibalaneed" aquarium. — 
DeU-rminatioD of factors causing balanoe. 

Deinonalralioit of hay infusion. — Examination to show forms of unjninl 
and plant life. 

Tabular comparison between balanced aquarium and bay infusion. 

Some Ways in which Plants affect Animals. — We have been 
studying the life of plants in order better to understand the life 
of animals and men. We have seen first that green plants play 
indirectly a tremendous part in man's welfare by supplying him 
with food. We have found that the colorless plants directly 
affecte<l his welfare by causing disease, and by causing decay, 
thus making usable the nitrogen locked up in dead Irodies of plants 
and animals, and by some even supplying nitrogen from the at- 
mosphere. The dependence of animals upon plants has been 
shown and the interdependence of plants on animals has also been 
seen in cross-pollination and in the supply of raw food materials 
to plants by animals. 

Study of a Balanced Aquarium. — Perhaps the best way for us 
to understand the interrelation between plants and animals is to 
study an aquarium in which plants and animals live and in which 
a balance has been established between the plant life on one side 
and animal life on the other. Aquaria containing green pond 
weeds, either floating or rooted, a few snails, some tiny animals 
known as water fleas, and a fish or two will, if kept near a light 
window, show this relation. 
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taken in, manufacture starcli. While this process is going on, oxy- 
gen is given off to the water of the aquarium, and this free oxygen 
is used by the animals there. 

But the plants are continually growing larger. The snails and 
fish, too, eat parts of the plants. Thus the plant life gives food 
to the animals within the aquarium. 
The animals give off certain ni- 
trogenous wastes of which we shall 
learn more later. These materials, 
with other nitrogenous matter from 
the dead parts of the plants or 
animals, form part of the raw 
material used for protein manu- 
facture in the plant. This nitrog- Had, 
enous matter is prepared for use 
by several different kinds of bac- This diagram shows that plants and 

teria which first break the dead animals on the earth hold the 

II. 1 J4.U ' 'i. J. same relation to each other as 

bodies down and then give it to pi^^ts and animals in a balanced 

the plants in the form of soluble aquarium. Explain the diagram 

nitrates. The green plants manu- *" ^^"'^ ^^ ^ ' 

facture food, the animals eat the plants and give off organic waste, 

from which the plants in turn make their food and living matter. 
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The plants give off oxygen to the 
animals, and the animals give car- 
bon dioxide to the plants. Thus a 
balance exists between the plants 
and animals in the aquarium. Make 
a table to show this balance. 

Relations between Green Plants 
rryu u J 1 • ♦!,« and Animals. — What goes on in 

The carbon an<i oxygen cycle in the ^ ^ " 

balanced aquarium. Trace by the aquarium is an example of the 

f^rthe tilTa^Ltke't in --elation existing between all green 
as CO2 until animals give it off. plants and all animals. Every- 

Show what happens to the oxygen, ^y^^^^ j^^ ^y^^ ^^^^^ ^^^^ pj^^ 

are making food which becomes, sooner or later, the food of 
animals. Man does not feed to a great extent upon leaves, but 
he eats roots, stems, fruits, and seeds. When he does not feed 
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available supply is used over and over again, perhaps in nitrog- 
enous food by an animal, then it may be given off as organic 
waste, get into the soil, and be taken up by a plant through the 
roots. Eventually the nitrogen forms part of the food supply in 
the body of the plant, and then may become part of its living 
matter. When the plant dies, the nitrogen is returned to the soil. 
Thus the usable nitrogen is kept in circulation.' 

Symbiosis. — We have seen that in the balanced aquarium 
the animals and plants, in a vnde sense, form a sort of unconscious 
partnership. Thin process of living together for miUnal advantage 
is called symbiosis. Some animals thus combine with plants ; 
for example, the tiny animal known as the hydra with certain of 
the one-celled algx, and, if we accept the term in a wide sense, all 
green plants and animals live in this relation of mutual give and 
take. Animals also frequently live in this relation to each other, 
as the crab, which lives within the shell of the oyster ; the sea 
anemones, which are carrie<l around on the hacks of some hermit 
crabs, aiding the crab in protecting it from its enemies, and l)eing 
carried atwiit by the crab to places where food is plentiful. 

A Hay Infusion. ^ Still another example of the close relation 
between plants and animals may he setm in the study of a hay 
infusion. If we place a wisp of hay or straw in a small glass jar 
nearly full of wat^r, and leave it for a few days in a warm room, 
cert^ii changes are seen to take place in the contents of the jar; 
after a little while the wattrr gets cloudy and liarker in color, and a 
scum appears on the surfai-e. If some of this scum is examined 
under the compoun<l microscope, it will he found to con.sist almost 
entirely of bacteria. These bacteria evidently aid in the decay 
which (as the unpleasant odor from the jar testifies) is beginning 
to take place. As we have learned, bacteria flourish wherever the 
food supply is abundant. The water within the jar has come to 
contain much of the food material which was once within the 
leaves of the grass, — organic nutrients, starch, sugar, and pro- 
teins, formed in the leaf by the action of the sun on the chlorophyll 

■ A small amount of nitrogen gas is retumnl to the Btmosphrre by the action of 
the decompooing btwKria «D (b« ODuaonia coiQpwu4« ia the soil. (3«« figure ot 
nitrogen cycle.) 




' in Uh' latit rtate uf h liay iiifuiui>n. 
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life. In the water, too, there may have been some living cells, 
plants and animals. 

At first the multiplication of the tiny animals within the hay 
infusion is extremely rapid ; there is food in abundance and near 
at liand. After a few days more, however, several kinds of one- 
colled animals may appear, some of which prey upon others. Con- 
socjuently a struggle for life takers place, which becomes more and 
more intense as the food from the hay is used up. Eventually 
the end comes for all the animals unless some green plants obtain 
a foothold within the jar. If such a thing happens, food will be 
manufactured within their bodies, a new food supply arises for the 
animals within the jar, and a balance of life may result. 

Reference Bookh 
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Hunter, Laboratory Problems in Civic BioloQy. American Book Company. 
Sharpye, A Laboratory Manual for the Solution of Problems in Biology, pp. 133-138. 
American Book Company. 
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already learned. Such is a simple plant cell. Let us now 
examine a simple animal cell in order to compare it with that 
of a plant. 

Where to find Paramoecium. — If we examine very carefully 
the surface of a hay infusion, we are likely to notice in addition to 
the scum formed of bacteria, a mass of whitish tiny dots collected 
along the edge of the jar close to the surface of the water. More 
attentive observation shows us that these objects move, and that 
they are never found far from the surface. 

The Life Habits of Paramoecium. — If we place on a slide a drop 
of water containing some of these moving objects and examine 
it under the compound microscope, we find each minute whitish 
dot is a cell, elongated, oval, or elliptical in outline and somewhat 
flattened. This is a one-celled animal known as the paranujecium 
or the slipper animalcule (because of its shape). 

Seen under the low power of the microscope, it appears to be 
extremely active, rushing about now rapidly, now more slowly, 
but seemingly always taking a definite course. The narrower end 
of the body (the anterior) usually goes first. If it pushes its way 
past any dense sul)stance in the water, the cell body is seen to 
change its shape temporarily as it squeezes through. 

Response to Stimuli. — Many of these little creatures may be 
found collected around masses of food, showing that they are at- 
tracted by it. In another part of the slide we may find a number 
of the paramoecia lying close to the edge of an air bubble with 
the greatest possible amount of their surface exposed to its 
surface. These animals are evidently taking in oxygen by 
osmosis. They are breathing. A careful inspection of the jar 
containing paramoecia shows thousands of tiny whitish bodies 
collected near the surface of the jar. In the paramoecium, as 
in the one-celled plants, the protoplasm composing the cell 
responds to certain agencies acting upon it, coming from without ; 
these agencies we call stimuli. Such stimuli may be light, differ- 
ences of temperature, presence of food, electricity, or other factors 
of it« surroimdings. Plant and animal cells may react differently 
to the same stimulus. In general, however, we know that proto- 
plasm is irritable to some of these factors. To severe stimuli. 
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structure, consisting of one large and one 
small portion, called, respectively, the ma- 
cronudeus and the micronucleus. 

Reproduction of Paramoecium. — Some- 
times a paramcecium may be found in the 
act of dividing by the process known as 
jlssion, to form two new cells, each of which 
contains half of the original cell. This is a 
method of asexual reproduction. The origi- 
nal cell may thus form in succession many 
hundreds of cells in every respect like the Parama^ium dividing by 
original parent cell. 

Amoeba.^ — In order to understand more 
fully the life of a simple bit of protoplasm, 
let us take up the study of the anmba^ a 
type of the simplest form of animal life. Unlike the plant and 
animal cells we have examined, the amoeba has no fixed form. 

Viewed under the compound micro- 
scope, it has the appearance of an 
irregular mass of granular proto- 
plasm. Its form is constantly 
changing as it moves about. This 
is due to the pushing out of tiny 
projections of the protoplasm of 
the cell, called pseudo podia (false 
feet). The locomotion is accom- 
l^lished by a streaming or flowing 
of the semifluid protoplasm. The 
pseudopodia are pushed forward in 
,. ,„, the direction which the animal is 

Amoeba, with pseudopodia {P.) ex- 
tended ; EC ectoplasm ; END, en- tO go, the rest of the body follow- 

dopiasm; the dark area (AT.) is j^g. In the Central part of the 

the nucleus. (From a photograph „ . mi • • 

loaned by Pri>fe8«or G.N. Calkins.) Cell IS the nUCleUS. ThlS im- 




> AniGDbse may be obtained from the hay infii.sion. from the dead leav(>H in the bot- 
tom of small pools, from the same source in fresh-water aquaria, from the roots of 
duckweed or oth(?r small water plants, or from Kreen al^ffi RrowinK in quiet localities. 
No 9ure method of obtiiininK them can be given. 
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portant organ is difficult to see, except in cells that have been 
stained. 

Although but a single cell, still the amoeba appears to Iw aware 
of the existence of food when it is near at hand. Food may be 
taken into the body at any point, the semifluid protopla;dm simply 
rolling over and engulfing the food material. Within the body, 
an in the paramoicium, the food becomes inclosed within a fluid 
space or vacuole. The protoplasm has the power to take out such 
material as it can use to form new protoplasm or give energy. 
Circulation of food material ia 
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begins life again, as before. In this respect it resembles the 
spore of a |)lant. 

The Cell as a Unit. — In the daily hfe of a one-celle<l animal we 
find the single cell performing all the general activities which we 
shall later find the many-celled animal is able to ixrform In the 
amceba no definite parts of the 
cell appear to be set off to per- 
form certain functions; but 
any part of the cell can take in 
food, can absorb oxygen, can 
change the food into proto- 
plasm, and excrete the waste- 
material. The singh- cell is, in 
fact, an organism able to carry 
on the busiiKsss of living almost 
as effectually as u very com- 
plex animal. 

Complex One-celled Ani- 
mals. — In the paramcecium 
we find a single cell, but we 
fin<l certain parts of the cell 
having certain definite func- 
tions : the cilia are used for 
locomotion ; a definite part of 
the cell takes in food, while the 
waste passes out at another 
definite spot. In another one- 
celled animal called vorticella, 
part of the cell has become 
elongated and is contractile. 
By this stalk the little animal 
is fastened to a water plant or other object. The stalk may be said 
to act like a muscle fiber, as its sole function seems to be move- 
ment ; the cilia are located at one end of the cell and serve to 
create a current of water which mil bring food particles to the 
mouth. Here we have several parts of tlie cell, each doing a dif- 
ferent kind of work. This is known as pky»ioloffical division of labor. 
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Habitat of Protozoa. — Protozoa are found almost everywhere 
in shallow water, especially close to the surface. They appear 
to be attracted near to the surface by the supply of oxygen. 
Every fresh-water lake swarms with them; the ocean contains 
countless myriads of many different fornLs. 

Use as Food. — They are s(^ numerous in lakes, rivers, and the 
ocean as to form the food for many animals higher in the scale of 
life. Almost all fish that do not take the hook and tliat travel 
in schools, or companif^s, migrating from one place to another, 
live partly on such food. Many feed on slightly larger animals, 
which in turn eat the Protozoa. Such fish have on each side of the 
mouth attached to the gills a series of small structures looking like 
tiny rakes. These are called the gill rahrs, and aid in collecting 
tiny organisms from the water as it passes over the gills. The 
whale, the largest of all mammals, strains protozoans and other 
small animals and plants out of the water by means of hanging 
plates of whalebone or baleen, the slender filaments of which form 
a sieve from the top to the bottom of the mouth. 

Protozoa cause Disease. — Protozoa of certain kinds play an 
important part in causing malaria, yellow fever, and other diseases, 
as we shall see later.^ (See page 217.) 
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> Teachers may find it expedient to take up the study of protozoan diseases at 
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XIV. DIVISION OF LABOR. THE VARIOUS FORMS OF 
PLANTS AND ANIMALS 

ProbletN*. — The developim-n-t and foj-mx of plants. 

Th^ tlevHopm^nt of a simple aiihnal. 

iVftat is ilivijtion- oflahnr? Tit what doen it rexidtf 

How to know the chief eharaeteTs of some- great animal 
groups. 

Laboratory Sugobstions 

A vitiil to a botanieal garden or taboralory demonslrafion. — Some of the 
forms of plant life. Review of easenti&l facts in development of bean 
or com embryo. 

Demonatralioii. — Chuts or modeb showing: the development of amany- 
oelled animal fn>m egg through gaslrula sti^u. 

Demonstralioii . — Typ«8 whi<'h illustrate increasinK wimplfxity of body 
form and division of labor. 

MiinFumtrip. —To afTord pupil a tiioatis uf iiluntification of examples 
of principal phyla. This nhoulil be prweded by ohjeetive demonstration 
work in school laboratory. 

Reproduction Id Plants. — Although there arp very many 
plants and uiiimals so small and so simple as to be composed of 
but \i sinKit' <'ell, t>y far the groator part ctf the animal and plant 
worhl is made u|) of individuals which 
are eollectioiis uf cells living together. 

In a jiimple plant like the i>ond seum, 
a string or filament of cells is formed 
hy a single cell di\-iding crosswise, the 
two cells formed ejich dividing into two 

more. Eventually a long thread of cells is thus forme<l. At times, 
however, a cell is formed by the union of two cells, one from each 
of two adjoining filaments of the plant. At length a hard coat 
forms around this cell, wiiicli lias now l)ecome a spore. Tlie 
tougli cov{'ring protecte it from unfavorable changes in the sur- 
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Reproduction in Seed 
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The embryo develops 
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division into two, four, 
eight, and a constantly increasing number 
of cells until after a time a baby plant is 
formed, which a.s in the bean, either con- 
tains some stored food to give it a start 
in life, or, as in the corn, is surrounded 
with food which it can digest and absorb 
into its own tinv bodv. We have seen 
that these young plants in tlie seed are 
able to develop when conditions are favor- 
able. Furthermore, the vo^-- 
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peraturc, and sunli^lit, Die 
seedlings that devdup will 
eacli difTir om friim an- 
other in a sliRlit dtpnt ' 
But in a gt niral wiiv tli< ^ 
w-ill have inanj cliarattirs 
in common, ua the bhapt 
of the IcaM.-!, the poosc- 
sioii of tendrils, form of 
the flower and fruit \ 
species of plants or animals 
is a group of individuals so 
much alike in their char- 
actors that they might have had the same parents. Individuals of 
such spwies differ slightly ; for no two individuals arc exaetlj' alike. 
Species are grouped to- 
gether in a larger group 
calleii a genm. For ex- 
ample, many kinds of peas 
— the wild beach peajs, the 
sweet peas, and many 
others — are all grouped in 
one genus (called Lalhyrua, 
or vetchling) because they 
have certain structural 
characteristics in common. 
Plant and animal genera 
are brought together in still 
larger grou])s, the classifica- 
tion based on general like- 
nesses in structure. Such 
groups are callcti, as they 
iK'Comc successively larger. 
Family, Order, and Clana. Tlm.^i the whole plant and animal 
kingdom \» grouped into divisions, the smallest of which contains 
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iiidividualH vtTy iiuicli iiliko; and tin; largest of whiili contains 
very many groujM of individuals, the grou|)K liaviug some char- 
acters in common. This is called a system of classification. 

Classification of the Plant Kingdom. — The entire plant king- 
dom ha-H been divided into four sub-kingdoms by botanists : — 



Si>€rmatiii>hytes. i ' 



j Anffiosperms, true flowering plants. 
\(iyiiinoxperms, the pine.t and their allies. 

2. Pteridopkytes. The fern plants and their allies. 

3. Bryopht/les. The moss plants and their allies. 




4. Tlialhiphyies. The Thallophytes form two groups : the 
.\lga: and the Fungi ; the algte being green, while the fungi have 
no chlorophyll. 

The extent of the plant khigdom can only be hinted at ; each 
year new species are !idde<I (o the lists. There are about 110,000 
species of flowering jilants and nearly as many flowerless plants. 
The latter consist of over ;j.')()0 spei'ies of fcrnlikc plants, some 
1(),'»()0 species of mosses, fiver oiiOO lichens (plants consisting of a 
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partnership between aigs and fungi), approximately 55,000 species 
of fungi, ami jiliuut l(i,000 spcciwi of alga;. 

Development of a Simple Animal. — Many-oelleil animals are 
forrae<l in much the samt' way as are many-felled sei-d plantii. A 
common bath wpongc, an earthworm, a fish, or a dog, — each and 
all of them begin life in the same 
manner. In a raany-celled animal the 
life hifitory Ix'gins with a single cell, 
the ferl ilized egg. As in the flowering 
plant, this cell has l>een formed by 
the union of Iwo other cells, a tiny 
(usually motile) cell, the sperm, and a 
large cell, the egg. After the egg is 
fertilized by a sperm cell, it splits into 
two, four, eight, and sixteen cells ; 
as the number of cells increases, a 
hollow ball of cells called the blastula 
is formed; later this ball sinks in on 
one side, and a doubh^walled cup of 
cells, now calletl a gastrula, results. 
Practically all animals piws through 
the above stagi^ in their development 
from the egg, although these stages 
are often not plain to see Iwcause of 
the presence of food material (yolk) 
in the egg. 

In animals the Ixidy consists of 
three layers of cells: those of the 
outside, tieveloped from the outer *"'■ *>■'■ Bpon-lfaridg stalk 
1 .• .1 .1 11 . ((Tuitins l>oUy), 

layer of the gastrula, are called ecto- 
derm, which later gives ri.se to the skin, nervous system, etc.; an 
inner layer, develoiwd from the inner layer of the gastrula, the 
endoderm, which forms the lining of the digestive oi^ans, etc, ; a 
middle layer, called the mexoderm, lying between the ectoderm 
and the endoderm, in also found. In higher animals this layer 
gives rise to muscles, the skeleton, and parts of other internal 
structures. 

HUNTER, CIV. BI. — 12 
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Physiological Division of Labor. — If wc cinnpiirc tlic amoeba 
and Ihr ))iiraiiiii'(-iiim, we fiml the latter a more romplrx organism 




tbaii the former, 
of the body ; the 



work. Just a-s 
men wlm ilo ro 
men, some who 



An am<t'liu may tak<- in food through any part 
paramceciuin ha.s a d<'timtr gullet; the amceha 

may use any part of the 

Imdy for locomotion; the 
Iianima'ciiim has definite 
iart« of the cell, the eilia, 
fitte<l for this work. Since 
lite strueturc of the para- 
niu>t'ium is more complex, 
we say that it is a " higher " 
animal. In the vorticella, a 
still more complex cell, part 
of the eell has grown out 
like a i^talk, has become 
contractile, and acts like 
muscle. 

As we look higher in the 
scale of life, we inva- 
riably 6nd that certain 
parts of a plant or anioial 
arc set apart to do cer- 
tain work, and only that 
»f i)eople, there are some 
iigli maimal work, others who are skilled work- 
are shopkeeper-s, and still others who are profes- 




community 
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siunal men, so among plants 
and animals, wherever col- 
lediona of cells live together 
to form an organism, there 
is division of labor, some 
colls being fitted to do 
one kind of work, while 
others are fitted to do work 
of another sort. This 





W, cuIutIiiw I>1u(k] 



is called physiological division of 
lalwr. 

As we have seen, tlic higher plants 
are made up of a vast number of cells 
of many kinds, (■ollections of cells 
alike in structure and performing the 
same function we have called a tissue. 
Examples of animal tissues are the 
highly ('ontrantile cells set apart for 
movement, musites; those which 
cover the body or line the inner parts 
of organs, Ihe skin, or epilMium; the 
cells which form secretions or glandu 
and the sensitive cells forming the 
ntriwiM tissues. 

Frequently several tissues have cer- 
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tain functions to porform in conjumtion with one another. The 
arm of the human body performs movement. To do this, several 
tisHueii, as muscleM, nervts, and Iwnos, must act together. A col- 
lection of tissues performing certain work wo call an organ. 

In a simple animal like a sponge, division of labor uceurs be- 
tween the cells ; .some cells which Ijne the poriw leading inward 
create a current of water, and feed upon the minute oi^anisms 
which come within reach, other cells build the skeleton of the 
eponge, and still others becomi^ eggs or spernis. In higher animals 
more complicated in struc- 
ture and in which the 
tissues are found working 
together to form oi^ans, 
division of labor is much 
more highly specialized. 
In Ihe human arm, an 
organ fitted for certain 
movements, think of the 
number of tissues and the 
complicated actions which 
an' pos.«ible. The most 
"■ extreme division of latwr 
is seen in tlie organism 
" which has the most com- 
plex actions to perform 
Wiirk, fur there the cells or 
k o il quickly and very well. 
■^ec ilivisitin of labor iK'twecn 
my occur among other ani- 
n Hut it is seen at its highest 
nilustry. In the stockyards 
hI in certain men jierforming 
enlire iliiy's work, hut this 
day lias rcsulli'd in wonder- 
:li\iMoii of labor obtains its end. 




ect 



nag 
ofC 



fulaccuracj ^ndsiKod. Thus 



Organs and Functions Common to All Animals. — The sajtn 
;eneral functions performed by a single cell are performed by s 
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many-ccilod miiiual. But in the many-<:ellod animals the variqua 
fiinctiuiifi of the single cell are taken up by the organs. In a com- 
plex organism, liki; man, the organs an<l tlic functions they per- 
form may be briefly given as follows: — 

(1) The organs of food taking : foo<l may l>o taken in by indi- 
vidual eells, an those lining the pores of the sponge, or definite 
parts of a food tube may be set apart for this purpose, as the mouth 
and |)arts which place food in the moutli. 

(2) The organs of digestion : the food tube and <'ollections of 
colls wliich form the glands connected with it. The enzymes in 
the fl\iids secn'ted by the latter change the foods from a soMd form 
(u-suully insoluble) to that oi a ft mil. Such fluid may then pass by 
osmosis, through the walls uf the foixl tube into the blood, 

(3) The organs of drcutaiioH : the tubes through which the blood, 
iH-aring its organic foods and oxygen, reaches the tissues of the 
Iwdy. In simple animals, as the sponge and hydra, no such organs 
are needed, the fluid food passing from cell to cell by osmosis. 

(4) The organs of respiration : the oi^ans in which the blood 
niceivos oxygen and gives up earlxHi dioxide. The outer layer of 
the body serv<« this purpose in very simple animals ; gills or lunga 
are developed in more complex animals. 

(5) The organs of cxcrejt'on: such a.s the kidneys and skin, which 
pass off nitri^enous and other waste matters from the Ixxly. 

(6) The organs of liKortiotion: muscles and their atta<'hment8 
and connectives ; namely, tendons, ligaments, and l)ones. 

(7) The organs of nervous control: the central nervous system, 
which has control of coiirdinated movement. This consists of 
scattered cells in low forms of life ; such cells are collecte<l into 
groups and eonnected with each other in higher animals. 

(8) The organs of sense: collections of cells having to do with 
the reception and transmission of sight, hearing, smell, taste, touch, 
pressure, and temperature sensations. 

(9) The organs of reproduction : the sperm and egg-forming 
organs. 

Almost all animals have the functions mentioned aliove. In 
most, the various organs mentioned are more or less developed, 
althougli in the simpler forms of animal life some of the organs 
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mentioned .itiovc are eit)ier very poorly developed or entirely 
lacking. But in the so-called " hifthcr " imimalR each of thu 
above-named functions is ;tssigiie<l lu a <-(-rtain organ or group uf 
oi^ans. The work is done l«'tter and more quickly than in the 
" lower " animalH. Division of labor is thus a guide in helping 
us to determine the place of animals in the groups that exist on the 
earth. 

The Animal Series. — Wc have found that a one-celled animal 
can perform (.erlahi funcliims in a rather crude manner. Man 
can perform these same functions 
in an extremely efficient manner. 
Division of labor is well worked 
out. extreme complexity of strue- 
liire is seen. Between these two 
extremes are a great many groups 
of animals which can he arranged 
more or less as a series, showing 
the gradual evolution or develop- 
ment of life on the earth. It 
will l)e the purpose of the follow- 
ing pages to show the chief char- 
acteristics of the great groups of 
the animal kingdom. 
I. Protozoa. — Animals f(im|X)seil of a single cell, reproducing 
by cell (h vision. 

The folIim-iiiK ur<' ()ir principiil {'hixHi'^ of ProtoirKk. pxitmpli^s nf which we majr 

ClahsI. «A,w/W<i (<;r.i>k I.ir r.ml-fnuh-.r). HaviiiR mi fixfd fnrin. with pseudo 
litiHuK limy (Fiiraminifrra) or glaaaliko 

ly iic'tivi- iiliiilc<l Protoiou. Examplra. 




Th.- Ul:l- 



11 ot N:.t 



»ki'l<-luiis {R'uliulanu 



II. Sponges. — Because the body contains many pores through 
which water l>earinB food particles enters, these animals are called 
Porifem. They ore classed aceordine lo the skeleton they possess 
into limy, glasslike, aad homy fiber sponges. The latter are 
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colony. 



the sponges of commerce. 
With but few exceptions 
spongoe live in salt water 
and are never free swim- 
ming. 

III. Coelenterates. — 
The hydra and its salt- 
water allies, the jellyfisli, 
hydroids, and corals, be- 
long to a group of animals 
known as the Calenterala. 
The word " coelenterate " 
{cceloin = body cavity, en- 
teron = food tube) explains 

the structure of the group. They are animals in which the real 
body cavity is lacking, the animal in its simplest form being little 
more than a bag. Some examples are the hydra, shown on page 
179, salt-water forms known as hydroids, colonial forms which have 
part of their life free swim- 

and coral polyps, tiny colonial 
hydra like forms which build 
a living or secreted covering. 

IV. Worms. — ^The worra- 
liki- animals are grouped into 
Jltttipornut, roundwm-mi, and 
segmented or jointed worms. 

(«) Flatworms are sometimes 

panisitic, examples being the 

tapeworm and liver tinke. 

They are usually small, ribljon- 

or leaf-like and fiat and live in 

water. 

(fc) Riiuudworms, minute Ihreadlikc creiitureM, arc not often 

seen by Hit- city girl ur lioy. \'iuegar eels, the Imrschair worm, 

the pork worm or (richinii iinil the dread hookworm are <'\aiiiples. 

(c) Scgmentetl worms are long, jointed ercaturcM <'omposed of 




4.>» iiiK-iiicticK. <>[]<> half natural i 
rifiht hiiii'l atM-cimnii is eiimiiilL^d and 
iihiiwi- thi' nioulh aumniniloil by the 
tfiits>'1(«. Thr' left hanrl Bpcrimcn ' 
nontract^. (from nuHlcl at thi- .\tiii 
can Muspum of NaturHl Hixliir.v.l 
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body rings or segments. Exainptp.s are the earth- 
worm, the eandworm (known to New York boyB 
as the fishworm), and the leeches or bloodsuckers. 




A joiiilfil worm. 
Thf gandwnrni. 
Slightly mduccrl. 

V. Echinoderms. — These arc spiny-skinned animals, which 
live in salt water. Ttiey are still more complicated in sfructuro 
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than the worms and may be known by the spines in their skin. 
Starfish or sea urchins arc examples. 

VI. Arthropods. — These animals arc distinguished by having 
jointed body and legs. They form two great groups. The higher 
forms of the Crustacea have only two region.s in the Ix>dy, a fused 
head and thorax, called the rxphalothorax, ami an abdominal 
region. A second group is the Iiisecta, of which wc know some- 
thing already. Crustacea l>reathc by means 
of gills, which are structures for taking oxygen 
out of the water, while adult insects breathe 
through air tubes called trachea. 

Two smaller groups of arthropods also exist, 
the Aracknida, consisting of spiders, scorpions, 
ticks, and mites, and the Myriapoda, exami)Ics 
being the "thousand leggers" found in some 
city houses. 

VII. MoUusca. — Another large g^oup is the 
Mollusca. This phylum gets its name from 
the soft, unscgmentcd bo<ly (mollis = soft). 
Mollusks usually have a shell, which may be of one piece, as a 
snail, or two pieces or valves, as the clam or oyster. 

VIII. The Vertebrates. — All of the animals we have studied 
thus far agree in having whatever skeleton or hard parts they 
possess on the outside of the body. Collectively, they arc called 
Invertebrates. This exoskeleton differs from the main or axial 

skeleton of the higher 
animals, the latter be- 
ing inside of the lx)dy. 
The exoiskoleton is 
dead, being secreted 
by the cells lining the 
Iwily, while the endo- 
skeleton is, in part at 
Ico.st, alive and is 
capable of growth, e.g. 
a broken arm c)r leg 
bone will grow to- 




Tlic slci:lcUiu <i( a lion : a typical verWbrftlc. 
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gether. But a man has certain parts of the skeleton, as nails or 
hair, formed by the i^kin and in addition possesses inside bones to 
which the muscles are attached. Some of the bones are arranged 
in a flexible column in the dorsal (the back) side of the body. 
This vertebral column, as it is called, is distinctive of ail veri^ales. 
Within its bony protertion lies the delicate central nervous system, 
and to this column are attached the big bones of the legs and 
arms. The vertebrate animals deserve more of our attention than 
other forms of life because man himself is a vertebrate. 



Five groups or classes of vertel)rates cxisl. Finlien, Amphibiatui, 
Reptiles, Bivfls. and MammnU. Let us see how to distinguish one 
class from another. 

Fishes, — Fishes are familiar animals to most of us. We know 
that they live in the water, have a backbone, and that they have 
fins. They breathe by means of gilLs, delicate organs fitted for 
taking oxygen out of the water. The henrt- lias two chambers, an 
auricle and a ventrieU'. They liuvc a skin in whirh are glands 
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secreting mucus, a slimy substance wliicli lielps tliem go througli 
the water easily. They usually lay very many eggs. 



Ord£k I. 7'lir Utaemubrancht. Fi3h(^ which have a soft skeleton made of aartilaxe 
anil fiposed Kill slits. Examples : sharks, nkatps. and rays. 

Okder II. The Ganaida. Fishra which oni^c wen' viry iinniprntis rui tlie earth, but 
which lire imw iilnnwl extinct. They arc pmtii-tcd lij- |ilut<-Ukc j-ciiIfh, I-;x- 
iini|>lcH : (tarn, Mtiirwiin, am] bciwfiii. 

ObdKH hi. Thf T.iit»ti, or Bony Fitht». 
They ruitiposc !t5 per cunt cif all liviiic 
fishes. In this group the nkcU'tun h 
Iwiny. the Kills arc pnitcrled by an 

Musi u( our ponmion food fishes ht'lotiK 
to this clans. 
Ohoek IV. The Dipnoi, or Lung Fishet. 
This is a very nniall fcroiip. In many 
respects they are more like amphibians 
thun fohi^M, Ibc swill, bladder bciuK used 




Charac tens tics of Amphibia. — The frog hclungs to the class of 
vertebrates known as Amphibia. As the name indicates (amphi, 
both, and (mo, life), members of this group live Ijoth in water and 
on land. In the earlier stages of their development they take 
oxygen into the blow! by means of gills. When adult, however, 
they breathe by means of lungs. At all times, but especially 
during the winter, the skin serves a.s a breathing organ. The 




skin is soft and unprotected by bony plates or scales. The heart 
has three chambers, two auricles and one ventricle. Most am- 
phibians un<lcrgo a complete metamorphosis, or change of form, 
the young U-ing unlike the adults. 
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Oni>es I. Crodrle 




K uaiintly poorly dPvelopcd ftppendaites. 
i|>Ick: niud ptippy. newt, nalmiiunilcr. 
I, w)iii-li iiikIitu" u iiii'ttiiniirj'liuHiH. brc:itli- 
uiMulxiltsUti-. KxnnipW : liuii] ami froit. 

Characteristics of Reptilia. 
— These animals are char- 
act crizctl Ity liaving scales 
dcvclopcil fnrni tlm wkin. In 
till' turtle tlicy have lipcome 
)ony aiitl arc connwtpd with 
the internal skolpton. R^-p- 
t il(w always lireat he by means 
of Inngs, <hfrerinfc in this 
r('s|>fr( from tlic amphibians. 
Tliey show their distant re- 
lationship to birds in that 
their large eggs are incascti 
in a leathery, limy shell. 
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I III. rV<«/i<( (r<l.:>kr» 



linihs. Lxatiit>l<-K : ulliRitlnr. iTonHlit ', 

Birds. — Birds umong all other 




animals arc known l>y tlu'ir cov- 
ering of feathers and the presence of wings. The foatliers are de- 
veloped from the skin. These aid in flight, and protect the body 
from the cold. 




thpy all 



The form of the bill in particular shows adaptation to a wonder- 
ful degree. A dui'k has a flat Itill for pushing through the mnd and 
straining out the food ; u bird of prey has a curved or hooked beak 
for tearing; Ihe woo<lpeck(T ha-s a sharp, straight bill for |>ienung 
the bark of trees in s<'arch of the insect larvu> which arc hiilden 
underneath. Birds do not have teeth. 
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The rate of respiratioD, uf lieartbeat, and tlie body temperature 
are all h^ber in tbe bird than in man. Man breathes from twelve 
to fourteen times per minute. Birds breatbe from twenty to sixty 
times a minute. Because of tbe increased activity of a bird, 
there comes a necessity for a greater and more rapid supply of 
oxygen, an increased l^lood supply to carry the material to be 
used up in the release of energy, and a means of rapid excretion 
of the wa,stcs rcHulling from the process of oxidation. Birds are 




large eaters, and llie digestive tract i.s fittinl to digest the food 
quickly, by having a large crcip in which food may be stored in a 



much softened conditii 

it may Iw seni rapidly to tl»' 

of tiie larg*' fniir-i-hiimlicreil 

The higli lenipi-ralnrv ..I' ll 
oxicUilioii : furtherinon-, the 
insuliilioii whieli does not n 



the fo(nl is part of the blood, 
ilaees wliere il is needed, by meaiki 
art ;iiiil tar^e bloixi vessels, 
bird is a ilirect result of this rapid 
'atiiers and the oily skin form an 
illy permit of tlie escape of heat. 



This insulating cover is of much use to the bird in its flights at 
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IiirIi iiltituiifs. where the tcmptrature is oflon very low. Binls 
lay eggs and usually care for their young. 

CLASHiriCATmN OK BlBDH 

Ordbk 1, Curioru. Kudiudb bitiin with iir> kpplnl hrcafltlraiip. KxHmpka: 

istrirh, rasaowary, 
OniiKit II. Pnnnerra. Pprching birde ^ 

ihri'C tDex ill friint. oiir l>chin<<. 

OviT <iiii^ half of all Hpcrk's cif 

liirdM urc iiioluUitl iu this order. 

Examples : aporrow, thniah. 

Ordek III. tiaUinn. (Strong l<^gs; 

fiH't iMlai>twi to gera trhin g. Beak -x^fc .^n 

strmt. ExBmi)li'B: jungle fowl, . ^ f ^^ 

grouse', c|uuil, domeatie fowl. 
Ohubr IV. Raploru. Birdaotprey. 

Iloukt^ heak. KtronR elawa. 

Kiamplea ^ eagle, hawk. owl. 
OrdEH V. Grallntores. Wadera. 

Iaidk iierk. iH'ak. aiid lega. Ex- 

uiiipli-s : wiipc. <Tune, heron. 
Ohueh VI. .\alalorai. Divera and 

Hwinimer«. LfgH shurt. toes 

wi'hbed. Examiiles : gull. durk. 

ollmtroas. 
Ori>ek VII. IMumbina: Like Gnl- 

linip, Imt with weaker lega. Ex- 

aniplea : dove, pigeon. ■ ^ 

Ordkr VIII. Pici. Woodpeckers. 

Two toes point forward, two Afric^uii iratrirh. oui- of tile lurgeal 

baekward, and adaptation lor living hiril^. 

elitidiing. Long, atroiig bill. 
Order 1.\- P-ittacL Parrots, hooked b.'uk ami flr'sliy tiirij(u<-, 
Ohdeh X. fiiceygeii. C'linibinK birds, with puwerful ln-ak. Eiamiilen ; king- 

li.-<lier. toiienii, :>iicl euekoo. 
DRriEii XI. Macrnr-kirtt. Birda havitiK liiiig-poiutiil whig-i. withiiul aeiileit mi 

tnetiitarsiiM. Kicaniplea : awift. hummiiig liinl. and goatsiieker. 

MftmmalB. — Dc^ aiul eats, sheep and pigs, horses and rows, 
all of our dometitie unimalt^ (and man himseir) have characters of 
structure which cause them to l»e classed an mammals. These 
<:hara(rter8 Jire the possession of a hairy covering, of lungs, and 
warm blooii. They liear young develope<i to a form similar to 
their own,' and nurse them with milk secreted by glands known 
us the mammnrij glawia; hence the term " mammal." 
' Willi the exception of the moiiotrernes 
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Adaptations in Mammalia. — Uf the thirty-five hundred species, 
most inhabit cuntinctitH: a few s|)e<'ies are found on dillerent iuland^, 
and some, u.s I lie whuie, inhabit tlie oeean. Tiiey vary in size from 
the wliaie and tlie eh'phitnl lo thiy Mhrew miee and moles. Adapta- 
tions to dilTerent habitat 
and met ho<lsof life abound; 



2B> 

^^^^^^^^^m^^^^^^^^^ Lowest — THd 

P^W^^^^^B^^^^^^^^^BC^WI lowest aro the monotremes, 

TIk' Iuhi in iiliiicHi I'ltiiii't inuiiiiiKil. aniuiuli) which lay e^ga like 

the birds, althouRh they are 
provided with hairy (-(ivrriiig liki' oilier inamnials. Such are the Aus- 
tralian sj)iiiy aiiteatcr iitkI the thick iiiDle. 

All fitlier inaiuinalu brins forth their young developed to a form simi- 
lar to tlii'ir own. The kaiiRarim and opossum, however, are provided 
with a [Kiiich on the under side of the Iwdy in wliicli the very unmature, 
bliiiil, and helpless youtiK ar<! nourished until they are able to care for 
themselves. These ])oui'lied animals arc called inarxitpials. 
ay be briefly claasificil lis follows: — 



the seal and whale have 
the limbs modified into 
flippers, the sloth and 
squirrel have limbs pecul- 
iarly ada])t,e<l to elimbing, 
while the bats have the 
fore limbs modeled for 
fliKht. 
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Examptra: anteater. 



Okheh 1. EdfnUiUi. T.j..Ililcsa iir will, vc-ry siiii 

Ohheh 11. IMr.iU.1. liii'isor t.'i'lli chisel -slui!"-.!. iisnully twn atiove nnd two 

lu'liiw. EiHiiiiilcs ; U'livcT. rat, iiori'iipim-, riihhit, sqnirn^l. 
Obdku III. Ci't-nm, AiUjiliil I'l mariiu' life. Kxiirii|)lc-.- : whalp, porpoise. 
(>Hi>ti( iV. I'aui'l"'"- UiHifs. 1.1'tli iKlai'tiH] lor Eriniliiie. Knimplcs : (a) odd- 

(n»i. Ii,.r«., rliim.r<-riw. tapir; (f.) .-(vu-tiKil. „x, piit. s\mn^. 'leer. 
Orheh V. Cnriiimni. Iahik '■iiiiiiie ti-clli, ^liarii aiul Idiik rlawa. Examples : dog, 

<'at, linn, Ix-ar. seal, and wu limi. 
OHtiBR VI. In«eetinini. Kiampli- : niolp. 

Orik:ii Vll. rj:ri>..,jfmi. Forr. !iniiiMiiilii|il'-'l mfliclil, tn^lli pnintctl. Example: hst. 
Okdhh vim. Pnm.,le.-. Kiri't ..r n.>;irly <•>. U>n- api^'iidafi:.- pr.rt-i.lf<i with hand. 

Examples : motikey, aiic, man. 
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IncreRsing Complexity of Structure aad of Habits in Plaats and 
Animals. — In our study of biology so far we have attempted to 
get some; nutioii of the various fatitors wliii^h lu^t upon hving things. 
We havii seen how planl.s and animals interacl upon <wrh other. 
Wc have l<^arne<l something about tlie various physiological pro- 
cesses of plants and animals, and have found them t<j be in many 
respects identieal. We have found grade.'^ of complexity in plants 
from the one-celled plant, bacterium or pleuroi'orciis, to the com- 
plicatoil flowering plants of considerable size anil with many 




■|)lai 



this I 



organs. So in animal life, from the Protozoa upward, there ia 
constant change, and the change is toward greater complexity of 
structure and functions. An insect is a higher type of life than a 
protozoan, because ita structure is more complex and it can per- 
form its wurk with more ease and accuracy. A fish is a higher 
type of animal than the insect for these same reaitons, and also for 
another. The fish has an Internal skeleton which forms a pointe<l 
column of l>ones on the lioraal side (the bock) of the animal. It is 
a vertebrate animal. 

BDNTRR, CIV. BI. — 13 
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'Birds 
15000 



Reptiles 
350O 

Ampbihiams 
1400 

Fisha 
13000 



The Doctrine of Evolution. — We have now learned that animal 
forms may bo arranged so as to begin with very simple one-celled 
forms and culminate with a group which contains man himself. 
This arrangement is called the croluh'onrtry series. Evolution means 

change, and these groups 
are believed by scientists 
to represent stages in com- 
plexity of development of 
life on the earth. Geologj'- 
teaches that millions of 
years ago, life upon the 
earth was very simple, 
and that gradually more 
and more complex forms 
of life appeared, as the 
rocks formed latest in time 
show the most highly de- 
veloped forms of animal 
life. The great English 
scientist, Charles Darwin, 
from this and other evi- 
Copy this <\h^nuu in your not.- jencc, exi)iained the theory 

hxphiin it ;is \v<»n as you can. ' * ^ -^ 

of evolution. This is the 
belief that simple forms of life on the earth slowly and gradually 
gave rise to those more complex and that thus ultimately the most 
complex forms came into existence. 

The Number of Animal Species. — Over 500,000 species of 
animals are known to exist to-day, as the following table shows. 




Crustacea (16000 



Echinoderms ^ ^ ^ 

Flat fi^orms, 

Sponges 
^ "^2500/ 



Coelenterates 
4500 



The evolutionary trco 
loway 
hook. VjX\)[ 



Protozoa 8000 

Modified from (ial- 



Protozoii 
Sponges 
C'celciit crates 
Kcliiiiodcniis 
Flat won ris 
Roundwonns 
Annelids 
Insects . 
MyriaiM)ds . 



8, ()()() 

2,r>oo 

4,000 
4,000 
5,000 
1,500 
4,000 
360.000 
2,000 



Arachnids . 
Crustaceans 
MoUusks 
Fishes . . 
Amphibians 
Reptiles 
Birds . . 
Mammals . 
Total . 



16,000 

16,000 

61,000 

13,000 

1,400 

3,500 

13,000 

3,500 

518,900 
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Man's Place in Nature. —^Although we know that man is 
separated mentally by a wide gap from all other animals^ in our 
study of physiology we must ask where we are to place man. ' If we 
attempt to classify man, we see at once he must be placed with 
the vertebrate animals because of his possession of a vert^-bral 
column. Evidently, too, he is a mammal, because the young are 
nourished by milk secreted by the mother and Ix-causc his l)ody 
lia.s at least a partial covering of hair. Anatomically we find that 
we must place man witii the apelike mammals, because of these 
numerous points of structural likeness. The group of mammals 
which includes the monkeyw, apes, and man we cull the primates. 

Although anatomically there is a greater difference between 
the lowest type of monkey and the highest type of ape tlian there 
is between the highest tj-pe of ape and the lowest savage, yet there 
is an immense mental gap between monkey and man. 

Instincts. — Mammals are considered the highest of vertebrate 
animals, not only because of their complicated structure, but be- 
cause their instincts are so well developed. Monkeys certainly 
seem to have many of the mental attributes of man. 

Professor Thomdike of Columbia University sums up their habits 
of learning as follows : — 

" In their method of learning, although ni(>iiki'\'.-< do not reach the 
human atagc of a rich life of ideas, yet thcj- carry tlic animal method of 
leaniing. by the selection of impulses and association i)f Iherii wiDi differ- 
ent seiise-iniprcssions, to a point beyond that reached by any other of 
the lower animals. In this, too, they resemble man ; for ho differs from 
the lower animals not only in the [wsaession of a new sort of intelligence, 
l)ut also in the tremendous extension of that sort which he has in ccinimon 
with them. A fish learns slowly a few simple habits, Man learns quickly 
:ui infinitude of habits that may be highly complex. Dogs and cats Icam 
more than the fish, while monkeys learn more than thej-. In the number 
of lhiu(pi he learna, the complex habits he can fonn, the variety of lines 
along which lie can learn them, and in their pennanenw when once formed, 
the monkey justifies his inclusion with man in ii .seiiurule inentiil genus." 

Evolution of Man. — Undoubtedly there once lived u|K(n the 
earth races of men who were much lower in their mental oi^aniza- 
tion than the present inhabitants. If we follow the early history 
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of man upon the earth,! we find that at first he must have been 
little better than one of the lower animals.j He was a nomad, 
wandering from place to ])lace, feeding upon whatever living things 
he could kill with his hands. Gradually he must have learned to 
use weapons, and thus kill his prey, first using rough stone im- 
plements for this purpose. As man became more civilized, im- 
plements of bronze and of iron were used. About this time the 
subjugation and domestication of animals began to take place. 
Man then began to cultivate the fields, and to have a fixed place 
of abode other than a cave. The beginnings of civilization were 
long ago, but even to-day the earth is not entirely civilized. 

The Races of Man. — At the present time there exist upon the 
earth five races or varieties of man, each very different from the 
other in instincts, social customs, and, to an extent, in structure. 
These are the Ethiopian or negro type, originating in Africa ; the 
Malay or })rown race, from the islands of the Pacific ; the Amer- 
ican Indian ; the Mongolian or yellow rac^e, including the natives 
of China, Japan, and the Eskimos; and finally, the highest type 
of all, the Caucasians, rei^resented by the civilized white in- 
habitants of Europe and America. 
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ffobitmn. - /. To ilrtfrmhi^ the Hieti of uniiiuUfi. 

Uti /lulirer/h/ rr.v ft^xl. 

<bi Dirfith/ (IS ftMxl. 

u-l .tx linttn'siivnh'il itniniaii. 

Ul) ForrlothinS. 

(e) Other ih'/frf rroMiinir uses. 

if) Orstmr/ifm of liftrinfitl /ilanffi artd mtiDudn. 

//. To lUternt.ittr the harm t/tuw by aniinn!.i. 

(a) .Ininuilx tiestrtieti vp to tJiose used for finnl. 

(6) .htimaJs harmful to rro/j.s ami ^art/ntii. 

(.c) .-ininuils harmful to fruit anil forest treen. 

Uh .iiiini-aJx ileiitruetiue to storeil foml or rli>t/iiti0. 

ie) ./uhna/s iitdireethj or directly rrs/Mtuxilile for dijte-ase, 

Labhratohv SuOnRHTIONM 

Inatimuch as thix work is planned for thd winter months thii labomtoi? 
side muRt >>«> larRfly niuiwiim and rofi^renoi' work. It in U> hii fxpnoted 
that thi' UiuthiT will wish to refer to muc-h of this work at tlie time work n 
ilonp on a Ki^en group. But it is pedagoginally dpHirahli< that thu work as 
planntHi should he I'aried. Interest is thus hold. Outlintw prepared by 
tht> teacher to be Ailed in by the student are denirabli' Ixh^um) they lead 
thf pupil to individual selection of what Hcems to him as important mate- 
rial. Opportunity should lie given for lalHiratory lixi'n-ijws based on 
otifpnal soureps. The pupiln nhould he made to us*' n-ports of thu U. S. 
Department of Ajtrieulture, the Biologic^al Siiri'ey, various Slates Reporta, 
and othem. 

Special home laboratory reports may he well made at this time, for 
example : determination at a local fish market of the flsli that are cheftp 
and fresh at a given time. Have the students give reaHons f<ir this. 
Study eonditiouH in the meat market in a similar manner. Other loi^al 
food eondilitms mav also lie studied flrnt hand, 
197 
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USES OF ANIMALS 

Indirect Use as Food. — Just aa plants form th(! food of ani- 
mals, so some animuls are food for others. Man may make uuv 
of such food directly or indirectly. Many moUusks, as the bar- 
nacle and mussel, are e;itf n by fishes. Other fish live upon tiny 
organisms, water fleas and other small 
( vustacejiiLs. These in turn feed upon 
still smaller animals, and we may go 
l)aik and l)ack until finally we comr 
to the Protozoa and one-eelled water 
I)lants as an idtimate source of food. 

Direct Use as Food. Lower Forms. 
--The forms of hfc lower than the 
Crustacea are of little use directly as 
food, although the Chinese are very 
fond of one of the Echinoderms, it 
holdthurian. 

Crustacea as Food. — CrustaccanB, 

however, are of considerable value for 

food, the lolwter fisheries in particular 

iH'iuK of importance. The lobster is 

highly esteemed as food, and is rapidly 

disappearing from our coasts as the 

"i.criiniTi. uri'sfirwl at the Tcsult of Overfishing. Between twenty 

w I'^i H^'ii' '^.'."I'lT'""" *S '^"^ thirty million are yearly taken on 

Mzt- uiul Hriiiiii-,1 i.vtT tH-mty the North Atlantic coast. This means 

'""""'"■ a value at present prices of about 

.?1 5,000,0(10. l^iws have Iwcn enacted in New York and other 

states against overfl-ihing. Ef^-carrying lobsters must be returned 

to the water : all smaller than six to nine inches in length (the law 

varies in different states) must be put back ; other restrictions are 

placed upon the taking of the animals, in hope of saving the race 

from extinction. Some states now hatch and care for the young 

for a period of time ; the I'nited States Bureau of Fisheries is also 

doing much good work, in the hope of restocking to some extent 




the 



almost depleted waters. 
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Several other common crustaceans are near relatives of the crayfifih. 
Among them are the shrimp and prawn, thin-shelled, active crustaceans 
common along our eastern coast. In spite of the fact that they form a 
large part of the food supply of many marine animals, especially fish, 
they do not appear to be decreasing in numbers. They are also used 
OS food by man, the shrimp fish- 
eries in this country aggregating 
over »1,000,000 yearly. 

Another edible crustacean of 
considerable economic impor- 
tance is the blue crab. Crabs 
lire found inhabiting muddy bot- 
toms : in audi localities they arc 
caught in great numbers in nets 
or traps baited with decaying 
meat. They are, indeed, among TIir ed'Mc Um- irab. (Krum a. phutugraph 
our most valuable sea scavengers, loaned by the Americau Museum of 

,., , ,,_ Natural HiBtory.) 

although they are carnivorous 

hunters as well. The young crabs differ considerably in form from the 
adult. They undergo a complete ntetamorphoais (change of form). 
Immediately after molting or shedding of the outer shell in order to grow 
larger, crabs arc greatly desired by man as an article of food. They are 
then known as " ahedders," or softr^helled craba. 

MoUuskB SB Food. — Oysters are never found in muddy localities, for in 
such places they would be quickly smothered by the sediment in the 
water. They are found in nature clinging to stones or on shells or other 
olijrclw which project a little above the bottom. Here food is abundant 
and oxygen is obtained from the water sur- 
rounding them. Hence oyster raisers throw 
oyster shells into the water and the young 
oysters attach themselves. 

In some parts of Europe and this country 
where oysters are raised artificially, stakes 
TIk' (»-titrr. or brush are sunk in shallow water so that 

the young oyat-er, which is at first free- 
swimming, may escape the danger of smothering on the >>ottoni, .\fter 
the oysters are a year or two old, they are taken up and put down in 
deeper water as seed oysters. At the age uf three an<l four yt-ars they 
lire ready for the market. 
The oyster industry' is one of the most profitable of our fisheries. Nearly 
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fl5,000,000 a yrar has b<K'[i derived during the last decade from buch 
sources. Hundreds <if Uunln and thousands of nien are engaged in dredg- 
ing for uj'sters. Three t>( tlx' most iinjiortant of our oyst«r grounds are 
Long Island Bound. NiirraganBott Bay, and t.'hesapcake Bay. 
Sometimes oysters ure artifieially " fattened " by placing them on beds 
.r the mouths of fresh-water streams. Tiki often thcac streams arc the 
bearers of much sewagci 
:tnd the oyster, which bves 
on microscopic organisms, 
tiikes ill a number of bac- 
teria with other food. 
Thus u person niiRht bo 
eornc infected with tlic 
typhoid Itacillus by eating 
raw oj'sters. State and 
eity 6uper\i!Uon of tlic 
oyster industry makes this 
IKissibility very much less 
tiian it was a few years 
ago, as careful bactcrio- 
loKical analysis of the 
surrounding water is con- 
stantly made by com- 
)i('1('tit expert*. 

Clams. — Other bivalve 
tiiolhisks used for food arc 
i-l:iins iiiiil scallops. Two 
sjiecics of the former arc 
known to New Yorkcis, 
on- lis the " nmud," an- 
(ither iL-i the " long " or 
■■soft-shellc<l"elam8. The 
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the eastern coast aggregate nearly $1,000,000 a, year. The drcdgjng for 
scallops, another molluscan delicacy, forms an important industry along 
certun parts of the eastern coast. 

Pish as Food. — Fish are used as food the world over. From 
very early times the herring were pursuetl by the Norscmon. 
Fresh-water fish, such as 
whitefish, perch, pickerel, 
pike, and the various mem- 
bers of the trout family, are 
cstoeme<l food and, espe- 
cially in the Great Iiakc! 
region, form important fish- 
eries. But by far the most 
important food fishes are 
those which are taken in 
salt water. Here we have 
two types of fisheriea, those 
where the fish comes up saimun leapiuR a 
a river to spawn, as the 
salmon, sturgeon, or shad, 
and those in which fishes are taken on their feeding grounds in 
the open ocean. Herring are the world's most important catch, 
though not in this country. Here the salmon of the western 
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coast is taken to the value of over $13,000,000 a year. Cod 
fishing also forms an important industry; over 7000 men being 
employed and over $2,000,000 of codfish being taken each year 
in this country. 

Hundreds of other species of fish are used as food, the fish that 
is nearest at hand being often the cheapest and best. Why, 
for example, is the flounder so cheap in the New York markets? 
In what waters are the cod and herring fisheries, sardine, oyster, 
sponge, pearl oyster? (See chart on page 201.) 

Amphibia and Reptiles as- Food. — Frogs' legs are esteemed a 
delicacy. Certain reptiles are used jis food by people of other 
nationalities, the Iguana, a Mexican lizard, being an example. 
Many of the sea-water turtles are of large size, the leatherback and 
the green turtle often weighing six hundred to seven hundred 
pounds each. The flesh of ih(^ gnn^n turtle and especially of the 
diamond-back terrapin, an animal found in the salt marshes along 
our southeastern coast, is highly esteemed as food. Unfortunately 
for the preservation of the specjies, these animals are usually taken 
during the ]:)reeding season when they go to sandy beaches to lay 
their eggs. 

Birds as Food. — Birds, ])()tli wild and domesticated, form part 
of our food supply. Unfortunately our wild game birds are dis- 
appearing so fast that we should not consider them as a source 
of food. Our domestic fowls, turk(»y, ducks, etc., form an impor- 
tant food supply and j)oultry farms give lucrative employment 
to many people. Eggs of domesticated birds are of great impor- 
tance as food, and egg albumin is used for other purposes, — 
clarifying sugars, coating photographic papers, etc. 

Mammals as Food. - When W(* consider the amount of wealth 
invested in cattle and other domesticated animals bred and used 
for food in the United States, w(» scm^ the great economic impor- 
tance of mammals. The United States, Argentina, and Australia 
are the greatest j)roducers of cattle. In this country hogs are 
largely raises] for food. Th(\v arc used fresh, salted, smoked :is 
ham and bacc^n, and })ickled. Sheep, which are raised in great 
quantities in Australia, Argentina, Russia, Uruguay, and this 
country, are one of the world's greatest meat supplies. 
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Coat!i, deer, many larger name animale. seals, walruses, etc., 
irive food to people who live in parts of the earth that are less 
densely populated. 

Domesticated AnimalB. — When man emerged from his savage 
state on the earth, one of the first aigiic of the beginning of civili- 
zation was the domestication 
of animals. The dog, the cow, 
slioep, and especially the horse, 
mark epochs in the advance of 
civilization. Beasts of burden 
are used the world over, horses 
almost all over the world, cer- 
tain cattle, as the water buffalo, 
in tropical Malaysia; camels, 
goats, and the llama are also 
used as draft animals in some 
other countries. 

Man's wealth in many parts 
of the world is estimated in 
terms of his cattle or herds of 
sheep. So many products come 
from these sources that a long 
list might be given, such as 
meats, milk, butter, cheese, 
wool, or other body coverings, 
leather, skins, and hides used 
for other purposes. Great industricH are directly dependent upon 
our domesticated animals, as the making of shoes, the manu- 
facture of woolen cloth, the tanning industry, and many others. 

Uses for Clothing. — The manufacture of silk is due to the pro- 
duction of raw silk by the silkworm, the caterpillar of a moth. 
It lives upon the mulberry and makes a cocoon from which the silk 
is wound. The Chinese silkworm is now raised to a slight extent 
in southern California. China, Japan, Italy, and France, because 
of cheaper labor, are the most successful silk-raising countries. 

The use of wool gives rise to many great industries. After the 
wool is cut from the aheep, it has to be washed and scoured to 
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get out the dirt and grease. This wool fat or lanoline is used in 
making soap and ointments. The wool is next " carded," the 
fibers being interwoven by the fine teeth of the carding machine 
or " combed," the fibers liere lieing pulled out parallel to each 
other. (Jardfd wool JH-t-omes woolen goods; combed wool, 
worsted goods. Thi' waste;; are Jil.'*o \itilized, being mixed with 
" shoddy " {wool from 
( loth < uttings or rags) 
to make woolen goods 
ol" a cheap grade. 

C!<iat hair, etipeeially 
t liiit of the Angora and 
the ('nshmere goat, has 
much use in the cloth- 
ing industries. Camel's 
liair and alpaca are 
iil:-o used. 

Fur. — The furs of 
many domesticated and 
vild animals are of im- 
portance. TheCarniv- 
ora as a group are of 
much economic importance as the source of most of our fur. The 
fur seal fisheries iilone amount to many millions of dollars annu- 
ally. Otters, skunks, sables, weasels, foxes, and minks are of 
considerable importance as fur producers. Even cats are now 
use*] for fiir, usually masquerading under some other name. The 
fur of the beaver, one of the largest of the rodents or gnawing 
mammals, is of considerable value, as are the coats of the 
chinchilla, muskrats, squimds, and other rodents. The fur of the 
rabbit and nutria an^ used in the manufacture of felt hats. The 
quills of the porcupines (greatly developed and stiffened hiurs) 
have a slight commercial value. 

Conservation of Fur-bearing Animals Needed. — As time goes 
on and the furs of wild animals Ix-come scarcer and scarcer through 
overkilling, we find the ntted for protf^ction and conservation of 
many of these fast-vanishing wild forms more and more impera- 
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tive. Already breeding of some fur-bearing animals has been 
tried with success, and cheap substitutes for wild animal skins are 
coming more and more into the markets. Biack-fox breeding has 
been tried successfully in Prince Edward Island, Canada, $2500 
to $3000 being given for a single skin. Skunk, marten, and mink 
are also being bred for the market. Game preserves in this 
country and Canada are also helping to preserve our wild fur- 
bearing animals. 

Animal Oils. — Whale oil, obtained from the fat or ** blubber " 
of whales, is used extensively for lubricating. Neat's-foot oil 
comes from the feet of cattle and is also used in lubrication. 
Tallow and lard, two fats from cattle, sheep, and pigs, have 
so many well-known uses that comment is unnecessary. Cod- 
liver oil is used medically and is well known. But it is not 
so widely known that a fish called the menhaden or " moss 
bunkers '* of the Atlantic coast produces over 3,000,000 gal- 
lons of oil every year and is being rapidly exterminated in 
consequence. 

Hides, Horns, Hoofs, etc. — Leathers, from cattle, horses, 
sheep, and goats, are used everywhere. Leather manufacture is 
one of the great industries of the Eastern states, liundreds of 
millions of dollars being invested in its manufacturing plants. 
Horns and bones are utilized for making combs, buttons, handles 
for brushes, etc. Glue is made from the animal matter in bones. 
Ivory, obtained from elephant, walrus, and other tusks, forms a 
valuable commercial product. It is largely used for knife 
handles, piano keys, combs, etc. 

Perfumes. — The musk deer, musk ox, and muskrat furnish a 
valuable perfume called musk. Civet cats also give us a somewhat 
similar perfume. Ambergris, a basis for delicate perfumes, comes 
from the intestines of the sperm whale. 

Protozoa. — The Protozoa have played an imiwrtant part in rock 
building. The chalk beds of Kansas and other chalk formations are 
made up to a large extent of th(^ tiny skeletons of Protozoa^ called 
Faraminifera. Some limestone rocks are also composed in large part of 
such skeletons. The skeletons of some species arc used to make a polish* 
ing powder. 
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Sponges. — The sponges of commerce have the skeleton composed of 
tough fibers of material somewhat like that of cow's hom. This fiber is 
elastic and has the power nf absorbing water. In a living state, the 
horny fiber sponge is a dark-colured fleshy mass, usuaUy found attached to 
rocks. The warm waters of the Mediterranean Sea and the West Indies 
furnish most of our sponges. The Kponges are pulled up from their resting 
place on the bottom, by mcanx of long-handled rakes operated by men in 
boats or are secured by divers. Thoy are then spread out on the shore in 
the sun, and the Uving tissues allowed to decay; then after treatment 
consisting of beating, )>leuchitig. and trimming, the bath sponge is ready 
for the market. Some 
forms of coral are of com- 
mercial value. The red 
coral of the Mediter- 
j-anean Sea is the best 
.x^.nple. 

Pearls and Mother of 
Pe&rl. — PearU arc prized 
the world over. It is a 
well-known fact that even 
ill this country pearls of 
some value are sometimes 
found within the shells of 
the fresh- water mussel 
and the oyster. Most of 
the finest, however, come 
from Ihe waters around 
is cut <i])cii and e\;iiiiiii<'(l cjtrefully, it is found to be 
a deposit »i ihi- tiiiitl[er-<if-peiirl layer of the shell around some central 
atnietunv It ha,-* iH^eii liclicviil that any foreign sulwtunee, as a grain 
of Miind, might irritiile llic niHtille ut a Kiven i>oiiit, thus stimulating it 
to srcrele urcjuiid the .substiiiLCc. It now si-enis likely that most perfect 
[leiirlti arc due tii the nnnvtli within the mantle of the clam or oyster 
I's, sliinc.^* in the ilevi-loi>mcnt of a Hukeworm. The 
up in till' iLssiie causef: mother of pearl to be deposited 
u], \vill[ the sub-iequent fonnalion of a pearl. 
in thi.s country is largely (li-pendeiit upon the 
- of which iire iiwd. This mussel is being so 
ioniil niiverntiicnt is working out a means of 
■ uninuds. 




of certain jiara,- 
irritation thus sel up i 
arounil Ihe scjurce of ii 
The [K'arl-bulton imi 
fresh-wat.-r iiius,m>1, tin 
rapidly deiilcled lluil t 
ai-lilii-ial propagation <i 
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Hoii«r and Wax. — Honeybeefi ' are kept in hives. A colony 
runsUts of a queen, a female who lays the eg}^ for the colony, the 
drones, whose duty il 






-y?^v'. 



in to fertilize the eggs, 
and the workers. 

The cells of the comli 
are built by theworkers 
out of wax seereted 
from the under surface 
of their bodies. The 
wax is cut off in thin 
plates by means of the 
wax shears between 
the two last joints of 
the hind legs. These 
cells are used to place 
the eggs of the queen 
in, one egg to each 
cell, and the young are 
hatched after three 
days, to liegin life as 
footless white grubs. 

The young are fed 
for several clays, then 
shut up in the cells 
and allowed to form pupie. Eventually they break their cells and 
take their place as workers in the hive, first as nurses for the 
young and later as pollen gatherers and honey makers. 

We have already seen (pi^es 37 to 39) that the honeybee 
gathers nectar, which she swallows, keeping the fluid in her crop 
until her return to the hive. Here it is forced out into cells of 

' Their daily life may be easily watched in the schoolroom, by meaoa of one of the 
many nood and cheap observation hives now raadp to be placed in a window frame. 
Directions for makitiR a amall obBcrvation hive fur school work can be found in 
Hodge, Mature Stivlu and Life. Chap. XIV. Bulletin No. 1, U.S. Depurtment of 
Agriculture, entitled The Honey Bee. by Frank Benton, ia valuable for the amateur 
beekeeper. It may be obtained for twenty-five cents from the •'Superintendent of 
Documents. Union Building, Washington, D.C. 



m^^ 



CcHh of honeycomb, queen cell on right al 
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the oomb. It la now thinner than what we call honey. To tbicken 
it, the boes swarm over the open cells, moving tbeir wings very 
rapidly, thus civaiwrating some of the water. A hive of bees 
hav(! iHH'n known to nuike over thirty-one (xtumlis of honey in a 
single (lay, although the average is very much less than thiH, It 
is estimateti from twenty to thirty millions of dollars' worth of 
honey and wax are produced each year in this country. 

Cochineal and Lac. — Among other produets of insect origin 
is (cochineal, a red ('oloring matter, which consists of the dried 
bodies of a tiny insect, one of the plant lice which lives on the 
cactus plants in Mexico and ('entral America. The lac inacx^t, 
another one of the plant lice, feeds on the juices of certain trees 
in India and pours out a substance from its body which after 
treatment forms shellac. Shel- 
lac is of much use as a basis 
for varnish. 

Gall Insects. — Oak galls, 
growths caused by the sting of 
wasp-like insects, give us prod- 
ucts used in ink making, in tan- 
ning, and in making pyrogaliic 
acid which is much used in 
developing photographs. 

Insects destroy Harmful 

Plants or Animals. — Some 

f<)rms of animal life are of great 

importancv because of their de- 

"ftyTjnrhii'i'ii'ii'Vm-'taliiy Ttr!')^^ striiction of harmful plants or 

Ihi- Imrrow i.f :i li.iriiiK iiiam't hiinnfiil animals. 

A near relative of the bee, 
called the ichneumon fly. docs man indirectly considerable good 
l>ecause of its habit of laying its eggs and rearing the young in 
the bodire of caterpillars which are harmful to vegetation. Some 
of the ichneumons even bore into tnics in order to deposit their 
(^tgs in the larvns of wood-boring insects. It is safe to say that 
the ichneumon.-! save millions of dollars yearly to this country. 
Several beetles are of value to man. Most importaat of these 
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is the natural enemy of the orange-tree scale, the ladybug, or 
ladybird beetle. In New York state it may often be found feed- 
ing upon the plant lice, or aphids, which live on rosebushes. The 
carrion beetles and many water l>eetles act as scavengers. The 
sexton beetles bury dead carcasses of animals. Ants in tropical 
countries are particularly useful as scavengers. 

Insects, besides pollinating flowers, often do a service by eating 
harmful weeds. Thus many harmful plants are kept in check. 
We have noted that they spin silk, thus forming clothing ; that 
in m:iny cases they are preyed u|xtn, and that they supply an 
enormous mnltitudi? of birds, fishes, and other animals with food. 

Use of the Toad. — The toad is of gri^it economic importance 
to man iKrause of -its diet. No less than elKhty-three spt^eies of 
insects, mostly injuri- 
ous, have Ijeen proved 
toenter into the dietary. 
A toad has been ol>- 
served to snap up one 
hundred and twenty- 
eight flies in half an 
hour. Thus at a low 
estimate it could ea.sily 
destroy one hundred 
insects during a day 
and do an immense ser- 
vice to the garden dur- 
ing the summer. It has 
l>een tstimated by Kirk- 
Lind that a single toad may, on account of the cutworms which 
it kills, be worth $19.88 each season it lives if the damage done 
by each cutworm be estimated at only one cent. Toads also 
feed upon slugs and other garden pests, 

Birds eat Insects. — The food of birds makes them of the 
greatest economic importance to our country. This is because 
of the relation of insects to agriculture. A lai^e part of its diet 
of most of our native birds includes insects harmful to vegetation. 
Investigations undertaken by the United States Department of 

HUNTER, CIV. BI. — 14 
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Agriculture (Division of Biological Survey) show that a surpris- 
ingly large number of birds once believed to harm crops really 
perform a service by killing injurious insects. Even the much 
maligned crow lives to some extent upon insects. Swallows in the 
Southern states kill the cotton-boll weevil, one of our worst insect 

pests. Our earliest visitor, the 
bluebird, subsists largely on injuri- 
ous insects, as do wooiipeckers, 
cuckoos, kingbirds, and many 
others. The robin, whose pres- 
(»nce in the cherry tree we resent, 
during the rest of the summer 
does much good by feedmg upon 
noxious insects. Birds use the 
food substances which are most 
abundant around them at the 
time.* 

Birds eat Weed Seeds. — Not 
only do birds aid man in his 
battles with destructive insects, 
but seed-(^ating birds eat the seeds 
of weeds. Our native sparrows 
(not the English sparrow), the 

Food of Homo ( on.rnon birds. Which niouming dove, bobwhitc, and 
of the above birds should be pro- other birds feed largely upon the 

tected by man and why ? j r r 

seeds of many of our conmion 
weeds. This fact alone is sufficient to make birds of vast eco- 
nomic importance. 




^ The following quotation from I. P. Trimble. A Treatise on the Insect Enemies of 
Fruit and Shade Trees, bears out this statement : "On the fifth of May, 1S64, . . - 
seven different birds . . . had been feeding freoly upon small beetles. . . . There 
was a great flight of beetles that day ; the atmosphere was teeming with them. 
A few days after, the air was filled with Ephemera flies, and the same species of birds 
were then feeding upon them." 

During the outbreak of Ro<?ky Mountain, locusts in Nebraska in 1874-1877, 
Pn>fessor Samuel Aughey saw a long-billed marsh wren carry thirty locusts to her 
young in an hour. At this rate, for seven hours a day, a brood would consume 210 
locust.s per day, and the passerine birds of the eastern half of Nebraska, allowing 
only twenty broods to the square mile, would destroy daily 162,771,000 of the 
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Not all birds are seed or insect feeders. Some, as the cormorants, 
ospreys, gulls, and terns, are active fishers. Near large cities 
gulls especially act as scavengers, destroying much floating gar- 
bage that otherwise might be washed ashore to become a menace 
to health. The vultures of India and semitropical countries are 
of immense value as scavengers. Birds of prey (owls) eat living 
mammals, including many rodents ; for example, field mice, rats, 
and other pests. 

Extermination of our Native Birds. — Within our own times 
we have witnessed the almost total extermination of some species 
of our native birds. The American passenger pigeon, once very 
abundant in the Middle West, is now extinct. Audubon, the 
greatest of all American bird lovers, gives a graphic account of 
the migration of a flock of these birds. So numerous were they 
that when the flock rose in the air the sun was darkened, and 
at night the weight of the roosting birds broke down large branches 
of the trees in which they rested. To-day not a single wild speci- 
men of this pigeon can be found, because they were slaughtered 
by the hundreds of thousands during the breeding season. 
The wholesale killing of the snowy egret to furnish ornaments 
for ladies* headwear is another example of the improvidence 
of our fellow-countrymen . Charles Dudley Warner said, *' Feathers 
do not improve tlie appearance of an ugly woman, and a pretty 
woman needs no such aid.*' Wholesale killing for plumage, eggs, 
and food, and, alas, often for mere sport, has reduced the number 
of our birds more than one half in thirty states and territories within 
the past fifteen years. Every crusade against indiscriminate 
killing of our native birds should be welcomed by all thinking 

pests. The average locust weighs about fifteen grains, and is capable each day of 
consuming its own weight of standing forage crops, which at $10 per ton would be 
worth $1743.2(). This case may serve as an illustration of the vast good that is 
done every year by the destruction of insect posts fed to nestling birds. And it 
should bo remeiiilHTod that the nesting season is also that when the destruction of 
injurious insects is most needed ; that is, at the period of greatest agricultural 
:u'tivity and Jjefore the parasitic insects can be depended on to reduce the pests. 
The encouragement of birds to nest on the farm and the discouragement of nest 
robbing are therefore more than mere matters of sentiment ; they return an actual 
cash equivalent, and havi* a deKnite bearing on the success or failure of the crops. — 
Year Book of the Department of Agriculture. 
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Americans. The recent McLane bill which aims at the protec- 
tion of migrating birds and the bird-protecting clause of the 
recently passed tariff bill shows that this country is awaking to 
the value of her bird life. Without the birds the farmer would 
have a hopeless fight against insect pests. The effect of killing 
native birds is now well seen in Italy and Japan, where insects are 
increasing and do greater damage each year to crops and trees. 

Of the eight hundred or more species of birds in the United 
States, only six species of hawks (Cooper's and the sharp-shinned 
hawk in particular), and the great horned owl, which prey upon 
useful birds ; the sapsucker, which kills or injures many trees l>e- 
cause of its fondness for the growing layer of the tree ; the bobolink, 
whicli destroys yearly $2,000,000 worth of rice in the South ; the 
crow, which feeds on crops as well as insects; and the Ekiglish 
sparrow, may be considered as enemies of man. 

The English Sparrow. — The English sparrow is an example of 
a bird introduced for the purpose of insect destruction, that has 
done great harm because of it« relation to our native birds. In- 
troduced at Brooklyn in 1850 for the purpose of exterminating 
the cankerworm, it soon abandoned an insect diet and has driven 
out most of our native* insect feeders. Investigations by the 
United States Department of Agriculture have shown that in 
the country tlwso l)irds and their young feed to a large extent 
upon grain, thus showing them to be injurious to agriculture. 
Dirty and v(Ty i)rolifi(^ it already has worked its way from the 
Eiist jis far as the Pacific coast. In this area the bluebird, song 
sparrow, and yc^llowbird have all been forced to give way, as well 
as many larger birds of great economic value and Ix^auty. The 
English sparrow has become a pest especially in our cities, and 
should l)e (ixterminat(*d in order to save* our native birds. It is 
feared in some* quarte^rs that the Englisii starling which has re- 
cently \HHm introduced into this country may in time prove a 
pest as formidable* as the lOnglish sf)arre)W. 

Food of Snakes. - Probably the^ me)st elislikenl anel feared of all 
animals are the* snake^s. This fe>eling, however, is rarely deserved, 
for, on the whole, e)ur common snake*s are* beneficial to man. The 
black snake and the^ milk snake feed largely on injurious rodents 
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(rats, mice, etc), the pretty 
green snake eats injurious in- 
serts, and tlie little DeKay 
snake feeds partially on slugs. 
If it wen' not tliat the rattle- 
snuke and the <;opperhead are 
venomous, they also could be 
said to be useful, for they live 
on Enghsh sparrows, rats, mice, 
moles, and rabbits. 

Food of Herbivorous Ani- 
mals. — We must not forget 
that other animals besides in- 
sects and birds help to keep 
down the rapidly growingweeds. 
Herbivorous animals the world 
over destroy, besides the grass 
which they eat, untold multi- 
tudes of weeds, which, if un- 
checked, would drive out the 
useful occupants of the pasture, 
the grasses and grains. 

HARM DONE BY 
ANIMALS 
Economic Loss from Insects. 
— The money value of crops, 
forest trees, stored foods, and 
other material destroyed annu- 
ally l)y insects is beyond belief. 
It is estimated that they get 
one tenth of the country's crops, 
at the lowest estimate a matter 
of some S300,000,000 yearly. 
" The common schools of the 
country cost in 1902 the sum 
of 1235,000,000, and all higher 





ThiH Hhdwa how atmif nnukiu (conatric- 
tunt) kiti und I'ut tlirir prey. (Series 
phutOKTapheii liy C W. Ik'ebc and 
Cloniuce Haltvr.) 
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institutions of learning cost less than $50,000,000, making the 
total cost of education in the United States considerably loss than 
the farmers lost from insect ravages. 

** Furthermore, the yearly losses from insect ravages aggregate 
nearly twice as much as it costs to maintain our army and navy ; 
more than twice the loss by fire; twice the capital invested in 
manufacturing agricultural implements; and nearly three times 
the estimated value of the products of all the fruit orchards, vine- 
yards, and small fruit farms in the country." — Slingerland. 

The total yc^arly value of all farm and forest products in Ntnv 
York is ix^haps .$150,000,000, and the one tenth tiiat the insects 
get is worth .^15,000,000. 

Insects which damage Garden and Other Crops. — The grass- 
hoppers and th(» larvc© of various moths do considerable harm 

here, (^specially the " cab- 
bage worm," the cutworm, 
a fec^der on all kinds of 
gardi^n truck, and the corn 
worm, a pest on corn, cot- 
ton, tomatoes, peas, and 
boans. 

Among the beetles which 
an^ found in gardens is 
the potato beetle, which 
(l(\stroys the potato plant. 
This beetle formerly lived 
in Mexico upon a wild 
plant of the same family 

Cottoii-holl weevil. ./. larva. />. pupa: c, adult. ^"^ ^^^^' potatO, and Camo 
Enlarj^ed about four times. (Photographed nortil Upon the introduc- 

tion of the potato mto 
Colorado, evidently preferring cultivated forms to wild forms of 
this family. 

The one beetle doing by far the greatest harm in this country is 
th(» cotton-boll wct^vil. Imported from Mexico, since 1892 it has 
spread over eastern Texas and into Louisiana. The beetle hiys 
its eggs in the young cotton fruit or boll, and the larva? hvd upon 
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the substance within the boll. It is estimated that if unchecked 
this pest would destroy yearly one half of the cotton crop, 
causing a loss of S250,000,000. Fortunately, the United States 
Department of Agriculture is at work on the problem, and, while 
it has not found any way of exterminating the beetle as yet, it has 
been found that, by planting more hardy varieties of cotton, the 
crop matures earlier and ripens before the weevils have increased 
in sufficient numbers to destroy the crop {see page 126). 

The bugs are among our most destructive insects. The moat 
familiar examples of our garden pests are the squash bug; the 
chinch bug, wliich yearly does damage estimated at $20,000,000, by 
sucking the juice from the leaves of grain ; and the plant lice, or 
aphids. One, living on the grape, yearly destroys immense num- 
bers of vines in the vineyards of France, Germany, and California. 

Insects which harm Fruit and Forest Trees. — Great damage is 
annually done trees by the larvEe of moths. Massachusetts has 




Daviaoii.) 



graph liy Duvison.) 



already spent over $3,000,000 in trying to ext«rminate the imported 
gypsy moth. The codling moth, which bores into apples and pears, 
ia e.stimated to ruin yearly $3,000,000 worth of fruit in New York 
alone, which is by no means the most important apple region of 
the United Slates. Among these pests, the most important to 
the dweller in a large city is the tussock moth, which destroys our 
shade trees. The caterpillar may easily ho recc^nized by its Imiry, 
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tufted red head. The eggs are laid on the bark of shade trees in 
what looks like masses of foam. (See figure on page 215.) By 
collecting and burning the egg masses in the fall, we may save 
many shade trees the following year. 

The larvae of some moths damage the trees by boring into the 
wood of the tree on which they live. Such are the peach, apple, 
and other fruit-tree borers common in our orchards. Many beetle 
larvae also live in trees and kill annually thousands of forest Jind 
shade trees. The hickory borer threatens to kill all the hickory, 
trees in the Eastern states. 

Among the bugs most destructive to trees are the scale insect 
and the plant lice. The San Jos6 scale, a native of China, was 
introduced into the fruit groves of California about 1870 and has 
spread all ov(»r the country. A ladybird beetle, which has also been 
imported, is the most effective agent in keeping this pest in check. 

Insects of the House or Storehouse. — Weevils are the greatest 
pests, frequently ruining tons of stored corn, wheat, and other 
cereals. Roaches will eat almost anything, even clothing; they 
are especially fond of all kinds of breadstuffs. The carpet beetle 
is a recognized foe of the housekeeper, the larvae feeding upon all 
sorts of woolen material. The larvie of the clothes moth do an 
immense amount of damage, espc^'ially to stored clothing. Fleas, 
lice, and particularly bedbugs are among man's personal foes. 
Besides Iwing unph^asant they are believed to be disease carriers 
and as such should be oxtc^rminated.* 

Food of Starfish. — Starfish a,rc enonnoiisly destructive to young clams 
and oysters, as the following evidence, collected by Professor A. D. Mead, 
of Brown Ihiiversity, shows. A single starfish was confined in an aqua- 
rium with fifty-six young clams. The largest (;lam was about the length 
of one arm of the starfish, th(* smallest about ten millimeters in length. 
In six days <»v(My ehim in the aiiuarium was devoured. Hundreds of 
thousands of dollars' daniaj^e is done annually to the oysters in Connecti- 
cut alone by the ravaj^cs of starfish. During th(» l)nM'ding season of the 
clam an<l oy.ster the boats dnMljrc up tons i)f starfish wliieh arc thrown on 
shore to (he or to be used as fertilizer. 

' Direotioii.s for the treatment of thes«« p(?8t8 may he found in pamphlets issued 
bv the U. S. Department of Agriculture. 
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THE RELATIONS OF ANIMALS TO DISEASE 

The Cause of Malaria. — The study of the life history and 
habits of the Protozoa has resulted in the Undingof many purusitie 
forms, and the conBpqufint explar 
nation of some kimis of disease. 
One parasitic protozoan like an 
amoeba is called Plasnuidium ina- 
lariee. It causes the disease 
known as malaria. When a mos- 
quito (the anophekn) sucks the 
blood from a person having mala- 
ria this para;dite paswi^s into the 
stomach of the 
mosquito. Af- 
ter completing 
a part of its life 
history within 
the mosquito's 
body the para- 
site establishes 
itself within the 
glands which 
secrete the sa- 
liva of the mos- 
quito. After 
about eight 
clays, if the in- 
fected mosquito 
bites a person, 
some of the 
parawites are 
introduced into 

tlic; blood along with the sitliva. These jiarasitcs enter the cor- 
puscles of the blood, increase in size, and then form spores. The 
rapid process of spore formation results in the breaking down 
of the blood corpuscles and the release of the spores, and the 




Thn life hietury of thi' miitBHal pamsitP. Tliia cut cif the 
maltkrial purusiti' shuwH parts of thi' lii)dy of the mnaquito 
and of man, Ti> iiii<lc'r>itaiu] thp lift' hJHtory bcxiii at the 
point wherp the moxquito injcrts the rrrsrcnt-Hhaprd 
bodies into the blood of man. Notice that aftpr the tpui^t 
are releaaed from the corpunclrii of man two kinds oT pella 
mayhr/arniffl. Thene are probably a seiual stnoe. Devel- 
opment within the body of the mosqiiilo will only takr 
place wheu the iiiirnHite in tiikeii into iu liiHly at this 
Kcxtial atase. 
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poisons they manufacture, into the blood. This causes the chill 
followed by the fever so characteristic of malaria. The spores 
may again enter the blood corpuscles and in forty-eight or 
seventy-two hours repeat the process thus described, depending 
on the kind of malaria they cause. The only cure for the 
disease is quinine in rather large doses. This kills the parasites 
in the blood. But quinine should not be taken except under 
a physician's directions. 

The Malarial Mosquito. — P'ortunately for mankind, not all 
mosquitoes harbor the parasite which causes malaria. The harm- 
less mosquito (culex) may be usually distinguished from the 
mosquito which carries malaria (anopheles) by the position taken 





How to ilistiiiKuinh tho harnik'88 mosquito (rules), «, from the malarial mosquito 
{'nn>i>hrlt's), h. when at rest. Notioc the position of legs and body. 

when Mt r(\st. ( 'ulex lays eggs in tiny rafts of one hundred or more 
eggs in any standing water; thus the eggs are distinguished from 
tliosc^ of anopheles, which are not in rafts. Rain barrels, gutters, 
or old cans may brcMHl in a short time enough mosquitoes to stock 
a neighborhood. Tlu* larva^ are known as wigglers. They breathe 
through a tube* in the posterior (^nd of the body, and may be rec- 
ognized by their |)e('uliar movement when on their way to the sur- 
face to breathe. The |)upa, (listinguished by a large thoracic 
region, breathes tliroiigh a |)air of tubes on the thorax. The fact 
that both larva* and pupie take air from the surface of the water 
makts it possible to kill the nios(|uito during th(»se stages by pour- 
ing oil on the surfaccj of the* watcT when t}i(\v brcMul. The intro- 
duction of minnows, gold fish, or other small fish which feed 
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upon the larva in the water where the mosquitoes breed will do 
much to free a neighborhood from this pest. Draining swamps 
or low land which holds water after a rain is another method of 
extermination. Some of the mosquito-infested districts around 
New York City ha\'e been almost freed from mosquitoes by 
draining the salt marshes where they breed. Long sballow 
trenches are so built as to tap and drain off any standing water in 
whieh the eggs might be laid. In this way the mosquito has 
iM'en almost exterminated 
alonK Home parts of our 
Nf^w ]<]ngliind coast. 

Since the beginning of 
historical times, malaria 
has been prevalent in 
regions infested by mos- 
quitoes. The ancient city 
of Rome was so greatly 
troubled by periodic out- 
breaks of malarial fever 
that a goddess of fever 
came to be worshiped in 
order to lessen the severity 
of what the inhabitants 
believed to \x: a divine visitation. At the present time the 
malaria of Italy is being successfully fought and conquered by 
the draining of the mosquito- breeding marshes. By a little care- 
fully directed oiling of water a few boys may make an almost 
uninhabitable region absolutely safe to live in. Why not try it 
if there are mosquitoes in your neighborhood? 

Yellow Fever and Mosquitoes. — Another disease carried by 
mosquitoes is yellow fever. In the year 1878 there were 125,000 
cases and 12,000 deaths in the United States, mostly in Alabama, 
Louisiana, and Mississippi. During the French occupation of the 
Panama Canal zone the work was at a standstill part of the time 
l>ecause of the ravages of yellow fever. Before the war with Spain 
thousands of people were ill in Cuba. But to-day this is changed, 
and yellow fever is under almost complete control, both here and 
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in thvi ('anal zones, wliore the mosquitu {sUgomyia) which carries 

yellow fever exists. 

__ . _ This is due to the 

experiments during the 
Niitnmer uf 1900 of a 
(,'omniission of United 
States army officern, 
licaded by Dr. Walter 
Heed. Of these men one, 
Dr. Jesse Lazear, gave up 
liis life to prove cxperi- 
mentiilly that yellow fev<T 
wjis nause<l by monquitoes. 
He !illowe<I himself to Iw 
bitten by a mosquito that 
was known to have bitten 
n yellow fever patient, 
contracted the disease, 
and died a martyr to 
science. Others, soldiers, 
volunteered to further tc«t 
by experiment how the 
disease was spread, so 
that in the end Dr. Reed 
was able to prove to the 
world that if mosquitoes 
could be prevented from 
bitinR people who had 
yellow fever the disease 
could not be spread. The 
ai^eumpanying illustration 
shows the result of this 
mber of jfariy knowledge for the city of 
I"";.""' "^'" Havana. For years Ha- 
vana was considered one 

of the iK-st .-^pots of the West Indies. Visitors .shunned this port 

and conuiierce waa much affected by the constant menace of 




ci'iiputiuu of Uu\ 
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yellow fever. At the time of the American occupation after the 
war with Spain, the experiments referred to above were under- 
taken. The city was cleaned up, proper sanitation introduced, 
screens placed in most buildings, and the breeding places of the 
mosquitoes were so nearly destroyed that the city was practically 
free from mosquitoes. The result, so far as yellow fever was con- 
cerned, was startling, as you can see by reference to the chart. 
Notice also the rise in the death rate when the young Cuban 
Republic took control. How do 
you account for that ? We all know 
what American scientific medicine 
and sanitation is doing in Panama 
and in the Philippines. 

Other Protozoan Diseases. — 
Many other diseases of man are 
probably caused by parasitic pro- 
tozoans. Dysentery of one kind 
appears to \ye caused by the pres- 
ence of an amoeba-like animal in the 
digestive tract which comes usually 

4^U^^,,»i. ^^ ;w.»^.,«« «.«4.«« «,,,*,^K, Stcgoniyia, the carrier of yellow 

through an unpure water supply. ^^^,.^ (After Howard.) 

Smallpox, rabies, and possibly other 

diseases are caused by protozoans. Smallpox, which was once the 
most dreaded disease known to man, because of its spread in 
epidemics, has been conquered by vaccination^ of which we shall 
learn more later. The death rate from rabies or hydrophobia has 
in a like manner been greatly reduced by a treatment founded on 
the same principles as vaccination and invented by I^ouis Pasteur. 
Another group of protozoan parasites are called trypanosomes. 
These are parasitic in insects, fish, reptiles, birds, and mammals 
in various parts of the world. They cause various diseas(»s of 
cattle and other domestic animals, being carried to the* animal in 
most cases by flies. One of this family is Iwlieved to live* in the 
blood of native African zebnis and antelopes; seemingly it does 
them no harm. But if one of these parasites is transferred by the 
dreaded tsetse fly to one of the domesticated horses or cattle of 
the colonist of that region, death of the animal results. 
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Another fly carries a species of trypanosome to the natives of 
Central Africa, whicli causes " the dreaded and incurable sleep- 
ing sic^kness." This disease carries off more than fifty thousand 
natives yearly, and many Europeans have succumbed to it. Its 
ravages are now lai^ely confined to an area near the large Central 
Africiui lalces and the Upper Nile, for the fly which carries the 
diseiiw lives near water, seldom going more than 150 feet from 
the banks of streams or lakes. The British government is now 
trying to control the disease in Uganda by moving all the villageH 
at least two miles from the lakes aTid rivers. Among other 
disearu'N that may Ik' due to protozoan.^ is kala-t^ar, a fever in hot 
Asiatic countries which is probably carried by the bedbug, and 
African tick f<!ver, probably carried by a small insect called the 
tick. Bubonic plague, one of the most dreaded of all infectious 
disea-scs, is earri('<l to man l)y fleius from rats. In tliis country 
many fatal disca^ses of cattle, as " tick," or Texas cattle fever, are 
probably ('a used by protozoans. 

The Fly a Disease Carrier. — We have already seen that mos- 
i]uitoes of ilifferent species carry malaria and yellow fever. An- 
other rather recent addition to the black list is the house fly or 
typhoid Hj', We shall se<t lat-er with what reason this name 
is given, Tlie development of the typhoid fly is extremely 
rapid. .\ female may lay from one hundred to two hundred 
eggs. These are usually .lepusited in filth or manure. Dung heaps 
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about stables, privy vaults, ash heaps, uncared-for garbage cans, 
iind fermenting vegetable refuse form the best breedinft plares for 
fliew. In warm weather, the eggs hatch a 
daj' ur HO after they are laid and become 
larvie, called maggots. After about one 
week of active feeding, these wonnlike 
maggots become quiet and go into the 
])U]>al stage, whence under favorable con- 
ditions they emerge within less than an- 
other week as adult flies. The adults 
bree<l at once, and in a short summer there 
may be over ten generations of files. This 
accounts for the great number. Fortu- 
nately relatively few flies survive the 
winter. The membranous wings of the Therwt f ufl »] wi gthc 

, ,. o i I . ■ u himliH haini a d pads 

adult fly appear to be two in number, a „h h collp t an I rarry 
second pair being reduced to tiny knobbed ba^i^'ria. Tho Hy iiotsn't 
hairs called balancers. The head is freely 

movable, with large compound eyes. The mouth parts form a 
proboscis, which U tonguelike, the animal obtaining its food by 
lapping and sucking. The foot shows a wonderful adaptation for 
clinging to smooth surfaces. 
Two or three pads, each of 
which bears tubelike hairs that 
.secrete a sticky fluid, are found 
on its under surface. It is by 
this means that the fly is able 
to walk upside do^vn, and carry 
bacteria on its feet. 

The Typhoid Fly a Pest. — 
The common fly is recognized 
as a pest the world over, FlifS 
have long been known to spoil 
food through their filthy hahit«, 
but it is more recently that the 
u^n' whkra ^^T serious chaise of spread of 




ta allowed to walk. 



diseases, caused by bacteria, has 
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been laid at their door. In a 
recent experiment two young 
men from the Conner ticut 
AKTieuItural Station found that 
a single fly might carry on its 
feet anywhere from 500 to 
6,000,000 bat'teria, the average 
numl>er being over 1,200,000. 
Not all of tlies*' gcrmti are 
iiarmful, hut they might easily 
include those of ty])hoid fever, 
tuberculosis, summer rom- 
plaint, and possibly other 
disea-ses. A recent pamphlet 
published by the Merchants' 
Association in New York City 
shows that the rapid increase of flies during the summer months 
has a definito cormlation with the increase in the number of cases 
of summer (complaint. (>l>»ervations in other citiea seem to show 
the incroiLse in number of typhoid ca.sps in the early fall is due, 
in part at h-ast, to the same 
cause. A terrible toll of dis- 
easi^ an<i death may be laid at 
the door of thi; typhoi<i fly. 

Recently the stable fly has 
lx!en found to <arry the dread 
dis<;Eise known as infantile 
paridysifi. 

Remedies. — ('leanliness 
which destroys the breeding 
place of flies, the frequent re- 
moval and destruction of gar- . 
bage, rubbish, and manure, 'i 
covering of all food when not 
in use and especially the care- 
ful screening of windows and 
doors during the bret^ding 
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season, will all play a part in the reduction of flies. To the motto 
'' swat the fly *' should be added, ** remove their breeding places!" 

Other Insect Disease Carriers. — Floas and bedbugs have been 
recently added to those insects proven to carry disease to man. 
Bubonic plague, which is primarily a disease of rats, is un- 
doubtedly transmitted from the infected rats to man by the fleas. 
Fleas are also believed to transmit leprosy although this is not 
proven. 

To rid a house of fleas we must first find their breeding places. 
Old carpets, the sleeping places of cats or dogs or any dirty un- 
swept corner may hold the eggs of the flea. The young breed in 
cracks and crevices, feeding upon organic 
matter there. Eventually they come to live 
as adults on their warm-blooded hosts, cats, 
dogs, or man. Evidently destruction of the 
breeding places, careful washing of all in- 
fected areas, the use of benzine or gasoline Flea which transmits Bu- 
in crevices where the larvse may be hid are *;^"*^ ^'^"^ ^'*^"^ ""^^ 

•^ to man. 

the most effective methods of extermina- 
tion. Pets which might harbor fleas should be washed frequently 
with a weak (two to three per cent) solution of creolin. 

Bedbugs are difficult to prove as an agent in the transmission of 
disease but their disgusting habits are sufficient reason for their 
extermination. It has been proven by experiment that they may 
spread typhoid and relapsing fevers. They prefer human blood 
to other food and have come to live in bedrooms and beds because 
this food can be obtained there. They are extremely difficult to 
exterminate because their flat body allows them to hide in cracks 
out of sight. Wooden beds are thus better protection for them 
than iron or brass beds. Boiling water poured over the cracks 
when they breed or a mixture of strong corrosive sul^limate four 
parts, alcohol four parts and spirits of turpentine one part, are 
effective remedies. 

How the Harm done by Insects is Controlled. — The com- 
bating of insects is directed by several bodies of men, all of 
which have the same end in \'iew. Those are the Bureau of 
Entomology of the United States Department of Agriculture, 

UUNT£R, CIV. BI. — 15 
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the various state experiment stations, and medical and civic 
organizations. 

The Bureau of Entomology works in harmony with the other 
divisions of the Department of Agriculture, giving the time of its 
experts to the problems of controlling insects which, for good or 
ill, influence man's welfare in this country. The destruction of 
the malarial mosquito and control of the typhoid fly ; the de- 
struction of harmful ia^^ects by the introduction of their natural 
enemies, plant or animal ; the perfecting of the honeybee (see 
Hodge, Nakire Study and Ldfe, page 240), and the introduction of 
new species of insects to pollinate flowers not native to this country 
(see Blastophaga, page 43), are some of the problems to which these 
men are now devoting their time. 

All the states and territories have, since 1888, established state 
experiment stations, which work in cooperation with the govern- 
ment in the war upon injurious insects. These stations are often 
connected with colleges, so that young men who are interested in 
this kind of natural science may have opportunity to learn and to 
help. 

The good done by these means directly and indirectly is very 
great. Bulletins are published by the various state stations and 
by the Department of Agriculture, most of which may be obtained 
free. Th(^ most interesting of these from the high school stand- 
point are the Farmers' Bulletins, issued by 
the Department of Agriculture, and the 
Nature Study pamphlets issued by the 
Cornell University in New York state. 

Animals Other than Insects may be Dis- 
ease Carriers. — The common brown rat is 
an exampU^ of a mammal, harmful to civi- 
lized man, which has followed in his foot- 

This diu^rani shews Low ^^^^P'^ ^^" ^^^'^^ ^lie worid. Starting from 
i)u».r)i»i(i)i;iKU('is(Hrri««d China, it spread to eastern Europe, thence 

'Ha«ram. ^^^'''''" '^' ^^ ^^^^^^^^'^ F.MVoY^e, and in 1775 it had 

obtained a lodgment in this country. In 
8eventy-fiv(^ y(»ars it reached the Pacific coast, and is now fairly 
common all ()V(t the United States, being one of the most prolific 
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of all mammals. Rats are believed to carry bubonic plague, the 
" Black Death ^' of the Middle Ages, a disease estimated to have 
killed 25,000,000 people during the fourteenth century. The rat, 
like man, is susceptible to plague ; fleas bite the rat and then biting 
man transmit the disease to him. A determined effort is now being 
made to exterminate the rat because of its connection with 
bubonic plague. 

Other Parasitic Animals cause Disease. — Besides parasitic 
protozoans other forms of animals have been found that caitse 
disease. Chief among these are certain round and flat worms, 
which have come to live as parasites on man and other animals. 
A one-sided relationship has thus come into existence where the 
worm receives its living from the host, as the animal is called on 
which the parasite lives. Consequently the parasite frequently 
becomes fastened to its host during adult life and often is reduced 
to a mere bag through which the fluid food prepared by its host is 
absorbed. Sometimes a complicated life history has arisen from 
their parasitic habits. Such is seen in the 
life history of the liver fluke, a flatworm 
which kills sheep, and in the tapeworm. 

Cestodes or Tapeworms. — These para- 
sites infest man and many other vertebrate 
animals. The tapeworm {Tomiu solium) 
passes through two stages in its life history, 
the first within a pig, the second within the 
intestine of man. The developing eggs are The life eyci7(>f a tape- 
passed off with wastes from the intestine worm, (i) The eggs are 
of man. The pig, an animal with dirty 
habits, may take in the worm embryos 
with its food. The worm develops within 
the intestine of the pig, but soon makes its 
way into the muscle or other tissues. It 
is here known jus a bladderworm. If man eata raw or undercooked 
pork containing these worms, he may become a host for the tape- 
worm. Thus during its complete life history it has two hosts. 
Another romiiion tapeworm parasitic on man lives part of its life as 
an embryo within the muscles of cattle. The adult worm consists 




taken in with filthy food 
by the pig; (2) man 
(^ats undereooked pork 
by means of which 
the bladder worm (3) is 
transferred to his own 
intestine (4). 
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of a round headlike part provided with hooks, by means of which 
it fastens itself to the wall of the intestine. This head now buds 
off a series of segmentlikc structures, which are practically ba^ 
full of sperms and eggs. These structures, called progloUids, 
. break off from time to time, thus allowing the developing e^s to 
escape. The proglottids have no separate digestive systems, but 
the whole body surface, bathed in digesteil food, absorbs it and is 
thus enabled to grow rapidly. 

Roundworms — Still other wormlike creatures called round- 
i of import vnce to man Some, as the vinegar eel found 
m vmtgir or the pinworms parasitic in the 
lotti r mtestmt particularly of children, do little 
or no harm The pork worm or trichina, how- 
(\<r ih a parasite which may cause serious 
injurj It pasMs through the first part of its 
CM&tcnto It, a paribito in u pig or other verte- 
brite (cat rit or ribliit), where it lies, covered 
withm 1 tmj sat or cyd, in the muscles of its 
lusts If pork ( ontaiiiing these worms is eaten 
I \ man in an umooked condition, the cyst is 
iissohtd off b^ the action of the digestive 
flui Is iml th( living trichina becomes free in the 
intf stme of man Here it lx)res its way through 
tin intrstuH w dh md enters the musnies, caus- 
ing mfl unm ition there. This cause^i a painful 
and oft< It f it <1 (]]s( ise known its Iricfiinosis. 

The Hookworm. - — The iliscovery by Dr. O. 
\V. Stiles of thf; Huri-au uf Animal Industry, 
s and shiftles.-snes.s of tin. " [wor whites " of the 
South is partly due to a parasite ealkxl the hookworm, reads like 
a fairy talc. 

The people, largely farmers, l)e<'omc jiifectwi with a larval stage 
of the hookworm, which develops in moist earth. It enters the 
IxKly usually through the skin of the fwt, for children and adults 
alike, in c<rrtain localities where tlii^ disease is common, go bare- 
foot to a coiKiiderabJe extent. 

A complicated journey from the skin to the intestine now fol- 
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lows, tlie larvK passing through the veins to the heart, from there 
to the lungs ; here tliey bore into the air passages and eventually 
work their way l>y way of the windpipe into the intestine. One 
result of the injury t)f the lungs is that many thus infected are 
sul)jeet to tulierculosis. The adult worms, once in the food tube, 
fasten themselves and feed upon the blood of their host by punc- 
turing the intestine wall. The loss of blood from this cause is 
not sufficient to account for the bloodlesaness of the person in- 
fected, but it lias been discoverwi that tlie hookworm pours out a 




\ family sufftTing from hookworm. 



poison into the wound which prevents the blood from clotting 
rapidly (see page 3\^) ; hence a considerable loss of blood occurs 
from the wound after the worm has finished its meal and gone to 
another part of the intestine. 

The cure of the disease is very ea-sj'; thymol is given, which 
weakens tlic hold of the worm, this being followed by 
Epsom salts. For years a large area in the South undoubtedly 
has iH-en retardi'd in its development by this parasite ; hundreds of 
millions of dollars and thousands of livfs have been needlessly 
sacrificed. 
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"The hookworm is not a bit spectacular: it doesn't get itself di&- 
cufiited in Icgielativo halls or furiously debated in political campaigns. 
Modest and unassuming, it does not aspire to such dignity. It is satis- 
fied simply with (1) lowering the working pfficieney and the pleasure of 
living in something like two hundred thousand persons in Georgia and 
all other Southern states in proportion ; with (2) amassing a death rate 
higher than tuberculosis, pneumonia, or typhoid fever; with (3) stul>- 
lM)riily ;ind quile elTeptually rctardinR the (^pieultural and industrial de- 
vi'lopinent of the si'i'lion ; with (4) nullifj'ing the benefit of thousands of 
dnilurs spent upon education ; with (.')) costing the South, in the course of 
a few decades, several hundred millions of dollars. More serious and 
closer at liand tlian the tariff; more costly, threatening, and taogible 
than the Negro problem ; making the menace of the boll weevil laughable 
in comparison — it is preeminently the problem of the South." — Atlanta 
Canslitulion. 

Animals that pr«y upon Man. — The toll of death from animals 
which prey upon or harm man {lirectly is relatively small. Snakes 
in tropical couiitrios kill many cattle and not a few people. 

The bile of the rattlesnake of our own countrj-, although dangerous, 
seldimi kills. The dreaded cobra of Imlia has a rcoord of over two hundred 
and fifty thousand persons 
killed in the kst thirty- 
five years. The Indian 
government yearly pays 
out large sums for the ex- 
termination of venomous 
snakes, over two hundred 
thousand of which have 
been killed during a single 
ear. 

A fl^'^li-i'iiiiiiu ri'ptili'. ihc ulliE:iti>r. AlUgators and Croco- 

diles, — These feed on 
fishes, but. often attack large animals, as horses, cows, and even man. 
They seek their prey chiefly at night, and spend the day basking in the 
sun. The crocodiles of thi' flanges River in India levy a yearly tribute 
of many hundred lives from the natives. 

Carnivorous animals such as lions and tigers still inflict damage 
in cortain parts of the world, but as the tide of civilization ad- 
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vances, their numbers are slowly but surely decreasing so that as 
important factors in man's welfare they may be considered almost 
negligible. 

Rbfsrbnce Books 
elemetttary 

Hunter, Laboratory Problems in Civic Biology. American Book Company. 

Boo bo, The Bird. Honry Holt and Company. 

Bigolow, Applied Biology . Macmillan and Company 

Davison, PracticeU Zodlogy. American Book Company. 

Hcrrick, Household Insects and Methods of Control. Cornell Reading Courses. 

Hornaday, Our Vanishing Wild Life. New York Zodlogical Society. 

Hodge, Xature Study and Life. Ginu and Company. 

Kipling, Captairis Courageous. Charles Scribner's Sons. 
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XVI. THE FISH AND FROC;, AN INTRODUCTORY 
STUDY OF VERTEBRATES 

Prohlems.— To detprminr hmv <i fisli and a fro^ are fitted 
for the life tJwy lead. 

To (h't ermine some m-eUiods of Ueuelo/jme/it in vertebrate 
a/iima/s. 

(a) Fish/'s, 

{b ) Ft'ffo's, 

(c) Other animaJs. 

LaHOKATOKY SlMJCJKSTlONS 

Lnhoralorii vxvrcUv. — Study ol' a livinjj fish — (ulapiations for pro- 
tection, locomotion, food jjottinj;, otc. 

Lnhoralnnj dvmonMralion. — The d(*velopnu»nt of the fish or frog efi:^. 

Visit to the aquarium. — Study of adaptations, economic uses of fishes, 
artificial proj)aj?ation of fishes. 

Two Methods of Breathing in Vertebrates. — Vertebrate 
animals hiivr at least two methods of getting their oxygen. In 
other n^speets thcnr life proe(^ss(\s are lu^arly similar. Of all 
vert(^brat(^s fishes are the only omvs fitted to bn^athe all their lives 
under water. Other vertebratc^s are provided w^th lungs and 
tak(* their oxygen directly from the air.' We will next take up 
the study of a fish to see how it is fitted for its life in the water. 

STUDY OF A FISH 

The Body. — One of our common fr(\'<h-water fish is the bream, 
or golden shiner. The body of tiie bream runs inscnisibly into the 
head, the uvck i)eing absent. The long, narrow i)ody with its 
smooth surface fits \\\r fish admirably for its life in the water. 
Certain c(*lls in tlu* skin s(*cr(»t(^ mucus or slimes another adapta- 

• With tin? cxcoption of a few luiigloss salainiiiidcnj. Most ^alaiimnders get much 
of their supply of oxygen througli tlieir inoiHt skins. 

232 
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tion. Thn position of the fjciilos, ovi'rlappiiiK in ii hiickwanl di- 
nution, is yet iinotlicr ailaptation wliirli aids in piiNisinK through 
tlin wut(!r. Its color, olive abovp and bright silver itnd gold In-low, 
is prolcctivf . Can you sec how? 




The Appendages and their Uses. — The appendages of thr' fish 
consist of paire<l iind unpaired fins. The paired fins are four in 
numlMT, ami an- Iwlieved to correspond in position ami stnurture 
with the paired limbs of a man. Nolo tlie illustration above 
and locatt? the paln-d pectoral and pclric fins. (Th<wc are so called 
beeaust^ they are attiK-hed to the bones forming tho pe<toral and 
pelvie fiirdles. (Se*> page 268.) Find, by eomparison with the 
Figure, till) dorsal, aital, and caudal fins. How many unpaired 
fins ant then^? 

Th<! flatt^'ned, muscuhir Ixxly of the fish, tapering toward the 
caudal fin, is moved from side to side with an undulatinR motion 
which results in the forward movement of the fish. This move- 
ment is almost identieal with that of an oar in seullino; a l)oat. 
Turning movements are brought al)oul by use of the lateral fins 
in miieh the same way !is a lioat i.i turni'd. We notice the dorsal 
and otIiiT single fins are cvidenlly nsefnl in balanciuK and st<'er- 
ing. 

The Senses. — The position of the eyes at the side of the Iicad 
is an evident advantage to the fiah. Why? The eye is globular 
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in shape. Such an eye has been found to be very nearsighted. 
Thus it is unlikely that a fish is able to perceive objects at any 
great distance from it. The eyes are unprotected by eyelids, but 
the tough outer covering and their position afford some protection. 

Feeding experiments with fishes show that a fish becomes aware 
of the presence of food by smelling it as well as by seeing it. Thf 
nostrils of a fish can be proved to end in little pits, one under each 
nostril hole. Thus they differ from our own, which are connected 
with the mouth cavity. In the catfish, for example, the barbels, 
or horns, receive sensations of smell and taste. They do not 
perceive odors as we do for a fish perceives only substances that 
are dissolved in the water in which it lives. The senses of taste 
and touch appear to be less developed than the other senses. 

Along each side of most fishes is a line of tiny pits, provided with 
sense organs and connected with the central nervous system of the 
fish. This area, called the lateral line, is beHeved to be sensitive 
to mechanical stimuli of cc^rtain sorts. The ** ear " of the fish is 
under the skin and serves partly as a balancing organ. 

Food Getting. —A fish must go after its food and seize it, but 
has no structures for gnusping except the teeth. Consequently 
we find the teeth small, sharp, and numerous, well adapted for 
holding living prey. The tongue in most fishes is wanting or 
very slightly developed. 

Breathing. — A fish, when swimming quietly or when at rest, 
seems to he i)iting when no food is present. A reason for this act 
is to be s(Hni wlu^i we introduce a little finely powdered carmine 
into the water nenr the IhmkI of the fish. It will he found that a 
curnMit of water enters tlu^ mouth at each of tliese biting move- 
UKMits and pass(»s out through two slits found on each side of the 
head of the fisli. Investijration shows us that under the broad, flat 
plate, or operculum, forming each side of the head, lie several long, 
feathery, red structures, the gills. 

Gills. — 11" we examine' the ^ills of any large fish, we find that a 
single gill is \iM in place by a houy arch, mad<^ of several pieces 
of bone wliicli are liinge<i in sucfi a way as to giv«» great flexibility 
to thc» gill arcli, ;is th(^ support is called, (^)vering the l>ony 
framework, and (wtcMiding from it, are numerous delicate filaments 
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} ur skill. Into each of these 
R blocxf Hows downward and 




Dinsrun of the Kills of a liah. (H). thit 
heart which fiirt^es the blood into the 
tubes (K), which run out into (be cill 
filaments. A till bar (G) supporta . 
I'ach Kill. The lilood alter exehuur- 
ing itH carl>on ilioxiilc for oxygen ia 
sriit out to the pi'lla iif the body 
through the artery (.4), 



covered with i\ very thin memli 
lihiments pass two blood vessels ; 
in the other upward. Biood 
reaches the gills and is carried 
away from these oi^ans by 
means of two large vessels which 
pa.-*.s along the Ixiny arch prf- 
viouHly mentioned. In the gill 
filament tlie blood comes into 
contact with the free oxygen of 
the water l>athing the gills. An 
exchange of gases through the 
walls of the gill filaments results 
in the loss of carbon dioxide 
and a gain of oxygen by the 
blood. The blood carries oxy- 
gen to the cells of the body 
and (as work is done by the 
(!ells as a result of the oxidation of food) brings carbon dioxide 
back to the gills. 

Gill Rakers. — If we open wide the mouth of any large fish and 
look inward, we find that the mouth cavity leads to a funnel-like 
opening, the gullet. On each side of the gullet we can see the pU 
arches, guarded on the inner side by a series of sharp-pointed struc- 
tures, the gill rakers. In some fishes in which the teeth are not 
well developed, there seems to be a greater development of the 
gill rakers, which in this case are used to strain out small organisms 
from the water which passes over the gills. Many fishes make 
such use of the gill rakers. Such are the shad and menhaden, 
which feed almost entirely on plankton, a name given to the 
small plants and animals found by millions in the water. 

Digestive Srstem. — The gullet leads directly into a baglike stomach. 
There are no salivary glands in the fishes. There ia, however, a large 
liver, which appears to be used as a digestive gland. This organ, because 
of the oil it> contains, ia in some fishes, as the cod, of considerable economic 
importance. Many fishes have outgrowtlis like a series of pockets from 
the intestine. These structures, called the pyloric casca, arc believed to 
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secrete a diRcstivr fluid, TIip intestine ends at the vent, wliieh is usually 
locatetl oil Ihe unrier side of the fiah, immediately in front of the anal fin. 
Swim Bladder. — An organ <if unusual sipiifieance, called the awim 
bladder, occupies the repjiiri just dorsal to tlic food tulR'. In younic fishes 
of many s]iecicM iKis is connceted l»y » tul)e with the anterior end of the 
digestive tnii-t. In some funus thia tube ix-nsista tlirou^huut life, but in 
other lishes it becomes clo.sed, a thin, til)rous cord taking its place. The 
mvim liladder i ids in uiviriK the iish nearly (he same weight as the water 




it di.S) ill ices, llius l)U(>vitlg ii 
pUe<l with 1-lood v.'ssels, an^ 
supplying iixyKcn tu the li' 
fishes (the (lijiiii'i, p;iS"' l.Si I 
CirculatioD of the Blood. 
said ti) eirculiile in the iioil; 
system of Uiliex in its com 
a two-cliiimlierecl nulseul; 



Up. The walls of the organ are richly eup- 

:l it thus undoubtedly serves as an organ for 
lood wiieti all otlier sout'ces fail. In some 

it h;is ccjtiie to be used us a lung. 

— In the vertebrate animals the blood is 

because it [wisses llin)Ugli a inore or less closed 

■ around the body. In the fishes the heart is 

I, a lliin-walled auricle, the receiving 



cliamlH-r, leading into a tliick- walled muscular Vfntriclc from which the 
blood i.s forced imt. The blomi is pmu|H>il from the heart to the plls; 
there it lose.i some of its carbon dioxide ; it tlien iMis.scs on to Other parts 
of the iMidy. eventually br<>aking up into very liny tul>es called capiliarUs. 
From the capillarii's the blood returns, in tubes of gradually increasing 
diameter, toward the heart again. The Ijody cells lie between the smallest 
branches of tlie cajiillaries. Thus they get from the blood food and oxy- 
gen and return to the IiIiiikI the wastes resulting from oxidation within 
the cell ImiiIv. During its e<iurse Home of the IjUkkI piutses through the 
kidneys and i^ then' n-lleved of part of its nitrogenous waste. Circulatioo 
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of blood in the body of the fish is rather slow. The temperature of the 
blood being nearly that of the surrounding media in which the fish lives, 
the animal has incorrectly been given the term " cold-blooded." 

Nervous System. — As in all other vertebrate animals, the brain and 
spinal cord of the fish are partially inclosed in bone. The central nervous 
system consists of a braijiy with nerves connecting the organs of sight, 
taste, smell, and hearing, and such parts of the body as possess the sense of 
touch ; a spirial cord ; and spinal nerves. Nerve cells located near the out- 
side of the body send in messages to the central system, which are there 
received as sensations. Cells of the central nervous system, in turn, send 
out messages which result in the movement of muscles. 

Skeleton. — In the vertebrates, of which the bony fish is an example, 
the skeleton is under the skin, and is hence called an endosheleton. It 
consists of a l>ony framework, the vertebral column which prot<?cts the 
spinal cord and certain attached bones, the ribs, with other s])iny bones to 
which the unpaired fins are attached. The i)aired fins are attached to the 
spinal column by two collections of bones, known respectively as the 
pectoral and pelvic girdles. The bom^s in the main skeleton serve in the 
fish for the attachment of powerful muscles, by means of which locomo- 
tion is accomplished. In most fishes, the exoskeleUm, too, is well developed, 
consisting asually of scales, but sometimes of bony plates. 

Food of Fishes. — We have already seen that in a balanced 
aquarium the balance of food was preserved by the plants, which 
furnished food for the tiny animals or were eaten by larger ones, — 
for example, snails or fish. The smaller animals in turn became 
food of larger ones. The nitrogen balance was maintained through 
the excretions of the animals and their death and decay. 

The marine world is a great balanct^I aquarium. The upper 
layer of water is crowded with all kinds of little organisms, both 
plant and animal. Some of these are microscopic in size ; others, 
as the tiny crustaceans, are visible to the eye. On these little 
organisms some fish feed entirely, others in part. Such are the 
menhaden ^ (bony, bunker, mossbunker of our coast), the shad, 
and others. Other fishes are bottom feeders, as the blackfish and 

* It has been discovered by Professor Mead of Brown University that the in- 
crease in starfish along certain parts of the New England coast was in part due 
to overfishing of menhaden, which at certain times in the year feed almost entirely 
on the young starfish. 
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the ftiiu hiitts, living ulmost entirely upon mollusks and crusta- 
ceantj. Still others are hunters, feeding upon smaller species of 
fish, or even upon their weaker brothers. Such are the bluefish, 
squeteague or weakfish, and others. 

What is true of salt-water fish is equally true of those inhabiting 
our fresh-water streams and lakes. It is one of the greatest prol>- 
lems of our Bureau of Fisheries to discover this relation of various 
fishes to their food supplies so as to aid in the conservation and 
balance of life in our lakes, rivers, and seas. 

Migration of Fishes. — Some fishes change their habitat at dif- 
ferent times during the year, moving in vast schools northward 
in summer and southward in the winter. In a general way such 
migrations follow the coast lines. Examples of such migratory 
fish are the rod, menhaden, herring, and bluefish. Thp migra- 
[ tions are due to temperature changes, to the seeking after food, 
' and to the spawning instinct. Somt; fish migrate to shallower 
water in the summer and to deeper water in the winter ; here the 
reason for the migra- 
tion in doubtlosN the 
cluinge in temperature. 
The Egg-Uying 
Habits of the Bony 
Fishes. — The eggs of 
most Iwny fishes are 
laid in great nurnbertt, 
varying from a few 
thousand in the trout 
1(1 many hundrecls of 
thousands in the sha<l 
and several millions in 
the cod. The time of 
I'gg-laying b usually 

Dc-v.'lu|>mriil ..I ii iniut. 1. tin- mibryo aithiii lli" spring or early SUm- 

a!..' ,-iiii i.iiiHt'i.i'i: ;i.'nii' >'i'ii'i(r"iisii. ' ' "' !iiL-r. At the time of 

spangling the mote 

usuiklly deposits milt, <-<iiisisting of millions of sperm cells, in the 

water just over the eggs, thu.s lu-cumplisliing fertilization. Some 
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fis)ies^as sticklebacks, sunfish, toadfish, etc., make nests, but 
usually the eggs are left to develop by themselves7 Bometimes 
attached to some submerged object, but more frequently free in 
the water. In some eggs a tiny oil drop buoys up the egg to the 
surface, where the heat of the sun aids development. They are 
exposed to many dangers, and both eggs and developing fish are 
eaten, not only by birds, fish of other species, and other water in- 
habitants, but also by their own relatives, and even parents. 
Consequently a very small percentage of eggs ever produce ma- 
ture fish. 

The Relation of the Spawning Habits to Economic Importance 
of Fish. — The spawning habits of fish are of great importance to 
us because of the economic value of fish to mankind, not only 
directly as a food, but indirectly as food for other animals in turn 
valuable to man. Many of our most desirable food fishes, notably 
the salmon, shad, sturgeon, and smelt, pass up rivers from the 
ocean to deposit their eggs, swimming against strong currents 
much of the way, some species leaping rapids and falls, in order 
to deposit their eggs in localities where the conditions of water 
and food are suitable, and the water shallow enough to allow 
the sun's rays to warm it sufficiently to cause the eggs to develop. 
The Chinook salmon of the Pacific coast, the salmon used in the 
Western canning industry, travels over a thousand miles up the 
Columbia and other rivers, where it spawns. The salmon begin 
to pass up the rivers in early spring, and reach the spawning beds, 
shallow deposits of gravel in cool mountain streams, before late 
sununer. Here the fish, both males and females, remain until 
the temperature of the water falls to about 54° Fahrenheit. The 
eggs and milt are then deposited, and the old fish die, leaving the 
eggs to be hatched out later by the heat of the sun's rays. 

Need of Conservation. — The instinct of this and other species 
of fish to go into shallow rivers to deposit their eggs has been 
made use of by man. At the time of the spawning migration the 
salmon are taken in vast numbers, for the salmon fisheries net 
over $16,000,000 annually. 

But the need for conservation of this important national asset 
is great. The shad have within recent time abandoned their 
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breeding places in the CoDnecticut River, and the salmon have been 
exterminated along our eastern c<m»t within the past few decades. 
It is only a mnttcr of a few years when the Wttstern salmon will 
Iw extinct if fishing is contiiiut^l at tlic presont rate. More fish 
must l>c alloweil to reach tlieir breeding places. To do this a 
closiKi season on the rivers of two or three days out of each seven 
while the shad or the salmon run would do much good. 

The stui^eon, the eggs of which are used in the manufacture of 
the delicacy known as caviar, is an i-Xiimple of a fish that is almost 
extinct in this part of the world. Other food fish taken at the 
broiling sciuson an- also in danger. 

Artificial Propagation of Fishes. — Fortunately, the govern- 
ment througli tlie Bureau of Fisheries, and various states by wise 
protective hiws and by artifi::ial propagation of fishes, are be- 
ginning to turn the ti<le. (Certain days of the week the salmon 
arc allowed to pa.ss up the C'olumbia unmolested. Closed breetl- 
g seasons protect our trout, bass, and other game fish, also the 
(atching of fish under 
-^lA c?v^ a tertam size is pro- 

hibit* (1 

Manj fish hatchenes 

Iwth government and 

state are engage*! m 

artihdilly fertilizing 

millions of fish egg' of 

\ irious species and pro- 

■ — ' — '' titting the >oung fr\ 

\ri h If rtii ( ffah mrs Until they are of audi 

size that thej can take 

can of thims(K(-. whin \\v.\ in pkccd in ponds or streams 

This art ifid d fertili/itionis usually an omplishe<l by first squeezing 

out thf n p ( gg- from » fi m lU int i x pan of w at( r in a simil \t 

manner th< milt or sp<nn <ells vn oltt lined ind poured over the 

eggs Till iggs an thu firtili/inl Ihev are then placed in re- 

((pluh supplun] witli runnm.; «vtir uid lift to develop under 

fa\ irabli cim litions Shorlh aftirtlii ( gg hi.s si gmeiited {divided 

mtoniin\ iilis) thi imbryomav Ik seen devi lopmg on one aide 
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of the egg. The rest of the egg is made up of food or yolk, 
and when the baby fish hatches it has for some time the yolk 
attached to its ventral surface. Eventually the food is absorbed 
into the body of the fish. The development of the fish is direct, 
the young fish becoming an adult without any great change in 
form. The young fry are kept under ideal conditions until later, 
when they are shipped, sometimes thousands of miles, to their 
new homes. 



O & 
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Early development of salmon. Natural size. 




Note to Teacher. — It is suggested that in the spring term the frog be studied, 
but if animal biology be taken up during the fall term the fish only might be used. 



THE FROG 

Adaptations for Life. — The most common frog in the eastern 
part of the United States is the leopard frog. It is recognized by 
its greenish brown body with dark spots, each spot being outlined 
in a lighter-colored background. In spite of the apparent lack of 
harmony with their surroundings, their color appears to give 
almost perfect protection. In some species of frogs the color of 
the skin changes with the surroundings of the frog, another means 
of protection. 

Adaptations for life in the water are numerous. The ovoid 
body, the head merging into the trunk, the slimy covering (for 
the frog is provided, like the fish, with mucus cells in the skin), 
and the powerful legs with webbed feet, are all evidences of the 
life which the frog leads. 

Locomotion. — You will notice that the appendages have the 
same general position on the body and same number of parts as 
do your own (upper arm, forearm, and hand ; thigh, shank, and 
foot, the latter much longer relatively than your own). Note that 
while the hand has four fingers, the foot has five toes, the latter 
connected by a web. In swimming the frog uses the stroke we 

HUNTER, CIV. BI. — 16 
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all aim to make when we are learning to swim. Most of the energy 
is liberated from the powerful backward push of the hind legs, 
which in a resting position are held doubled up close to the body. 
On land, locomotion may be by hopping or crawling. 

Sense Organs. — The frog is well provided with sense organs. 
The eyes are large, globular, and placed at the side of the head. 
When they are closed, a delicate fold, or third eyelid, called the 
nictitating membrane^ is drawn over each eye. Frogs probably 
see best moving objects at a few feet from them. Their vision is 
much keener than that of the fish. The external ear (tympanum) 
is located just behind the eye on the side of the body. Frogs hear 
sounds and distinguish various calls of their own kind, as is proved 
by the fact that frogs recognize the warning notes of their mates 

when any one is approaching. The inner ear 
also has to do with balancing the body as it has 
in fishes and other vertebrates. Taste and smell 
are probably not strong sensations in a frog or 
toad. They bite at moving objects of almost 
any kind when hungry. The long flexible 
tongue, which is fastened at the front, is used to 
catch insects. Experience has taught these 
animals that moving things, insects, worms, and 
the like, make good food. These they swallow 
whole, the tiny teeth being used to hold the 
food. Touch is a well-developed sense. They 
also respond to changes in temperature under 
water, remaining there in a dormant state for 
the winter when the temperature of the air 
becomes colder than that of the water. 

Breathing. — The frog ])reathes by raising 
and lowering the floor of the mouth, pulling 
in air through the two nostril holes. Then the little flaps over 
the hok^s are closed, and the frog swallows this air, forcing it 
down into the baglike lungs. The skin is provided with many 
tiny bloo<l vessels, and in winter, while the frogs are dormant 
at th(^ bottom of the ponds, it serves as the only organ of respi- 
ration. 
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Tbe Food Tube and its Glands. — The mouth leads like a funnel 
into a short tube, the gullet. On the lower floor of the mouth can 
be seen the slitlike glottis leading to the lungs. The gullet widens 
almost at once into a long stomach, which in turn leads into a much 
coiled intestine. This widens abruptly at the lower end to form 
the large intestine. The latter leads into the cloaca (Latin, 
sfwcr). into which open the kidneys, urinary bladder, and repro- 
ductive organs {ovaries or spermaries). Several glands, the func- 
tion of which is to produce digestive fluids, open into the food 
tube. These digestive fluids, by means of the ferments or enzymes 
contained in them, change insoluble food 
materials into a soluble furm. 
of the absorption of food niatcriiLl through 
the walls of the food tube into the blootl. 
The glands (having the same names and 
uses as those in man) are the sn(j- 
vary glands, which pour their juices 
into the mouth, the gastric glanda 
in the walls of the stom- 
ach, and the liver and 
pancreas, which open 
into the intestine. 

Clrculatioa. — The froR 
has a wcll-devplopod heart., 
composed of a thick- walled 
muscular ventricle and two 
thin-walled auricles. The 
heart pumps the blood 
through a system of closed 
tubes to all parta of the 
botly. Blood enters the internal orgb 




right auricle from all part: 
of the body ; it then con- 
tains considerable carbon 
dioxide; the blood enter- 
ing the left auricle comes 

from the lungs, hence it contains a con^dcrablc amount of oxygen. Blood 
leaves the heart through tbe ventricle, which thus pumps some blood 



lungs; H. heart; St, BtoniBch; I. small intcs- 
titkc; L. liver; G, Ruli bladder; P, pancreiu; C 
cloaca; B, urinary bladdtr : S. spleen: K. kidney. 
Od, oviduct; O. ovary; Br. brain; Sr. spinal 
cord; Ba, back bone. 
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containing much and some containing little oxygen. Before the blood 
from the tissues and lungs has time to mix, however, it leaves the ventricle 
and by a delicate adjustment in the vessels leaving the heart most of the 
blood containing nmch oxygen is passed to all the various organs of the 
body, while the blood deficient in oxygen, but containing a large amount 
of carbon dioxide, is pumped to the lungs, where an exchange of oxygen 
and carbon dioxide takes place by osmosis. 

In tlie tissues of the body wherever work is done the process of burning 
or oxidation must take place, for by such means only is tlie energy neces- 
sary' to do the work released. Food in the blood is taken to the muscle 
cells or other cells of the body and there oxidized. The products of the 
burning — carbon dioxide — and any other organic wastes given off from 
the tissues must be eliminated from the body. As we know, the carbon 
dioxide passes off through the lungs and to some extent through the skin 
of the frog, while the nitrogenous wastes, poisons which must be taken 
from the blood, are eliminated from it in the kidneys. 

Change of Form in Development of the Frog. — Not all verte- 
brates develop directly into an adult. The frog, for example, 
changes its form (completely before it becomes an adult. This 
change in form is known as a metamorphosis. Let us examine 
the development of the common leopard frog. 

The eggs of this frog are laid in shallow water in the early- 
spring. Masses of several hundred, which may be found at- 
tached to twigs or other supports under water, are deposited at 
a single laying. Immediately before leaving the body of the 
female they receive a coating of jellylike material, which swells 
up after the eggs are laid. Thus they are protected from the 
attack of fish or other animals which might use them as food. 
The upper side of the egg is dark, the light-colored side being 
weight(*d down with a supply of yolk (food). The fertilized egg 
soon segments (divides into many cells), and in a few days, if the 
weather is warm, these cells have each grown into an oblong body 
which shows the form of a tadpole. Shortly after the tadpole 
wTiggles out of the jellylike case and begins life outside the egg. At 
first it remains attached to some water weed by means of a pair 
of suokerlike projections ; latc^r a mouth is formed, and the tad- 
pole begins to feed upon algae or other tiny water plants. At 
this time, about two weeks after the eggs were laid, gills are 




n.-vel<i|)iiH!Ut of IL (ro«i. I, two cell 8ta«'': -. four cell slugc: 3. N rclla iiTr fiiriiir<l. 
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present on the outside of the bodj'. Soon after, the external gills 
are replaced by gills which grow out under a fold of the skin which 
forms an operculum somewhat as in the fish. Water reaches the 
gills through the mouth and passes out through a hole on the left 
side of the Iwdy. As the tadpole grows larger, legs appear, the 
hind legs first, although for a time locomotion is performed by 
means of the tail. In the leopard frog the change from the egg 
to adult is completed in one summer. In late July or early August, 
the tjidpole begins to eat leas, the tail becomes smaller (being 
absorl>ed into other parts of the body), and before long the trans- 
formation from the tadpole to the young frog is complete. In 
the green frog an<i bullfrog the metamorphosis is not completed 
until the Ix-ginning of the second summer. The large tadpoles 
of such forms bury themselves in the soft mud of the pond bottom 
during the winter. 

Shortly after the legs appear, the gills Ix-gin to be absorbed, ajid 
lungs take their place. At this time the young anim^ may be 
seen coming to the surface of the water for air. Changes in the 
diet of the animal also ticcur ; the long, coiled intestine is trans- 
formed into a much shorter one. The animal, now insectivorous 
in its diet, becomes jirovifted with tiny teeth and a mobile tongue, 
instead of keeping the 
horny jaws used in 
■■^crapingoff algffi. After 
the tail has l>een com- 
pletely al)sorbed and 
the lefts have become 
full grown, there is 
no further structural 
thangc, and the meta- 
morphosis is complete. 
Development of 
Birds. — The white of 
the hen's c^ is put on 
during the passage of 
the real egg (which is 
in the yoke or yellow 
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portion) to the outside of the body. Before the egg b laid a shell 
is secreted over its surface. If the fertilized egg of a hen be 
broken and narefully examined, on the surface of the yolk will be 
found a little circular disk. This is the b^inning of the growth of 
an ettibryo chick. If a series of eggs taken from an incubator 
at periods of twenty-four hours or less apart were examined, this 
spot would be found at first to increa^ in size ; later the little 
embryo would be found lying on the surface. Still later small 
blood vessels could be made out reaching into the yolk for food, 
the tiny heart beating as early an the second day of incubation. 
After about three weeks of incubation the little chick hatches ; 
that is, breaks the shell, and emerges in almost the same form as 
the adult. 

Development of a Mammal. — In mammals after fertilisation 
the egg undergoes development within the body of the mother. 
Instead of blood vessels 
connectingthe embryo with 
the yolk as in the chick, 
here the blood vessels are 
attached to an absorbing 
organ, known as the pta- 
centa. This structure sends 
branch I ike processes into 
the wall of the uterus (the 
organ which holds the em- 
bryo) and absorbs nour- 
ishment and oxygen by 
osmosis from the blood 
of the mother. After a 
length of time which varies 
in different species of mam- 
mals (from about three 
weeks in a guinea pig to 
twenty-two months in an 
elephant), the young ani- 
mal is expelled by muscular contraction of the uterus, or is bom. 
The young, usually, are bom in a helpless Condition, then nour- 




Tbe embryo (e) of s mammitl. shnwitiK the ab> 
Borbing organ iu black, the brmirh-like pro- 
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ished by milk furnished by the mother until they are able to take 
other food. Thus we see as we go higher in the scale of life fewer 
eggs formed, but those few eggs are more carefully protected and 
cared for by the parents. The chances of their growth into adults 
are much greater than in the cases when many eggs are produced. 
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XVII. HEREDITY, VARIATION, PLANT AND ANIMAL 

BREEDING 

Problein». — To detennhie wluit makes the offspring of anU 
inals or plants tend to be like their parents. 

To determine what makes the offspring of aninuHs and 
plants differ from their parents. 

To leurn about some methods of plant and animal breeding, 

(a) By selection, 

(b) By hybridizing, 

(c) By other methods. 

To lenrn about some methods of improving the human race. 
{a) By eugenics. 
ib) By eivtlienics. 

Suggestions for Laboratory Work 

Laboratory exercise. — On variation and heredity among members of a 
class in the schoobroom. 

Laboratory exercise. — On construction of curve of variation in measure- 
ments from given plants or animals. 

Laboratory demonstration. — Stained egg cells {ascaris) to show chromo- 
somes. 

Laboratory demonstrations. — To illustrate the part played in plant or 
animal breeding by 

(a) selection. 

(6) hybridizing. 

(c) budding and grafting. 

Laboratory demonstration, — Prom charts to illustrate how human char- 
acteristics may be inherited. 

HEREDITY AND EUGENICS 

Heredity and what it Means. — As I look over the faces of the 

boys in my class I notice that each boy seems to be more or less 

like each other boy in the class ; he has a head, body, arms, and 

legs, and even in minor ways he resembles each of the other boys 

in the room. Moreover, if I should ask him I have no doubt 
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but that he would tell me that he resembled in many respects his 
mother or father. Likewise if I ijhould ask his parents whom he 
resembled, they would say, " I can see his grandmother or hb 
grandfather in him." 

This wonderful fori-e which causes the likeness of the child to 
its parents and to their parents we call heredity. Heredity causes 
the plants as well as animals to be like their parents. If we 
trace the workir^s of heredity in our own individual case, we will 
probably find that we are molded like our ancestors not only in 
physical characteristics but in mental qualities as well. The 
ability to play the piano or to paint is probably as much a case of 
inheritance as the color of our eyes or the shape of our nose. We 
are a complex of physical and mental characters, received in part 
from all our ancestors. 

Variation. — But I notice another thing ; no boy in the class 
before me is exnvtli/ like any otlier boy, even twins having minute 
differencofti. In this wonderful raokl (if nature each one of us 
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tends to be slightly different from his or her parents. Each plant, 
each animal, varies to a greater or lesser degree from its immediate 
ancestors and may vary to a very great degree. This factor in 
the lives of plants and animals is called variation. Heredity and 
variation are the cornerstones on which all the work in the improve- 
ment of plants and animals, including man himself, are built. 

The Bearers of Heredity. — We have seen that somewhere in 
every living cell is a structure known as a nucleus. In this nucleus, 
which is a part of the living matter of the cell, are certain very 
minute structures always present, known as chromosomes. These 
chromosomes (so called because they take up color when stained) 
are believed to be the structures which contain the determiners 
of the qualities which may be passed from parent plant to offspring 
or from animal to animal ; in other words, the qualities that are 
inheritable (see page 252). 

The Germ Cells. — But it has been found that certain cells of 
the body, the egg and the sperm cells, before uniting contain only 
half as many chromosomes as do the body cells. In preparing 
for the process of fertilization, half of these elements have been 
eliminated, so that when the egg and sperm cell are united they 
will have the full number of chromosomes that the other cells 
have. 

If the chromosomes carry the determiners of the characters 
which are inheritable, then it is easy to see that a fertilized egg must 
contain an equal number of chromosomes from the bodies of each 
parent. Consequently characteristics from each parent are 
handed down to the new individual. This seems to be the way in 
which nature succeeds in obtaining variation, by providing cell 
material from two different individuals. 

Offspring are Part of their Ancestors. — We can see that if 
you or I receive characteristics from our parents and they received 
characteristics from their parents, then we too must have some of 
the characteristics of the grandparents, and it is a matter of com- 
mon knowledge that each of us does have some trait or lineament 
which can be traced back to our grandfather or grandmother. 
Indeed, as far back as we are able to go, ancestors have added 
something. 
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Charles Darwin and Hatural Selection. — The great English- 
man ('harles Darwin was one of the first seientista to realize how 
this great force of heredity applied to the development or evolu- 
tion of plants and animals. He knew that although animals 
and plants were like their ancestors, they also tended to vary. 
In nature, the variations which best fitted a plant or animal for 
life in its own environment were the ones which were handed 
down Ix-cause those having variations which were not fitted for 
life in that particular environment would die. Thus nature 
seized upon favorable variations and after a time, as the descend- 
ants of each of these individuals also tended to vary, a new species 
of plant or animal, fitted for the place it had to live in, would be 
gradually evolved. 

Mutations. — Recently a new method of variation has been 
discovered by a Dutch naturalist, named Hugo de Vries. He 
found that new species of plants and animals arise suddenly by 
" mutations " or steps. This means that new species instead of 
arising from very slight variations, continuing during long periods 
of years (as Darwin believed), might arise very suddenly as a very 
great variation which would at once breed true. It is easily seen 
that such a condition would be of immense value to breeders, as 
new plants or animals quite unlike their parents might thus be 
formetl and perpetuated. It will be one of the future problems 
of plant and animal breeders to isolate and breed " mutants," 
as such organisms are 
called. 

ArtificialSelection. — 
Darwin reasoned that 
if nature seized upon 
favorable variants, then 
man by selecting the 
variations he wanted, 
could form new varie- 
ties of plants or ani- 
mals much more quickly 
than nature. And so improvement in 

J , . corn improved by selectioi 

to-day plant or animal type at the right. 
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breeders select the forms having the charact<jrs they wish to per- 
petuate and breed them together. This method used by plant 
and animal breeders is known as selection. 

Selective Planting. — By selective planting we niean choosing 
the best plants and planting the seed from these plants unth a view of 
improving the yield. In doing this we must not necessarily select 
the most perfect fruits or grains, but must select seeds from the 
best plants, A wheat plant should be selected not from its yield 
alone, but from its ability to stand disease and other unfavorable 
conditions. In 1862 a Mr. Fultz, of Pennsylvania, found three 
heads of beardless or bald wheat while passing through a large 
field of bearded wheat. Those were probably fnutants which had 
lost the chaff surrounding the kernel. Mr. Fultz picked them out, 
sowed them by themselves, and produced a quantity of wheat now 
known favorably all over the world as the Fultz wheat. In select- 
ing wheat, for example, we might breed for a number of different 
characters, such as more starch, or more protein in the grain, a 
larg(»r yield per acre, ability to stand cold or drought or to resist 
plant disease. Each of these characters would have to be sought 
for separately and could only be obtained after long and careful 
breeding. The work of Mendel (see page 257) when applied to 
plant breeding will greatly shorten the time required to produce 
better plants of a given kind. By careful seed selection, some 
WestfTn farmers have increased their wheat production by 25 
per cent. This, if kept up all over the United States, would mean 
ov(T SIOO,000,000 a year in the pockets of the farmers. 

Hybridizing. — We have already seen that pollen from one 
flower may be carried to another of the same species, thus produc- 
ing seeds. If pollen from one plant be placed on the pistil of an- 
other of an allied species or variety, fertilization ttiay take place 
and new plants be eventually produced from the seeds. This 
process is known as hybridizing, and the plants produced by this 
process known as hybrids. 

Hybrids are extremely varial)le, rarely breed from seeds, and oft^n 
are apparently quite unlike either parent plant. They must be 
grown for sc^vcral years, and all plants that do not resemble the 
desired variety must \ye killed off, if we expect to produce a hybrid 
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that will breed more plants like itself. Luther Burbank, the 
great hybridizer of California, destroys tens of thousands of plants 
in order to get one or two with the charac- 
ters which he wishes to preserve. Thus he 
is yearly adding to the wealth of this 
country by producing new plants or fruits 
of commercial value. A number of years 
ago he succeeded in growing a new va- 
riety of potato, which has already en- 
riched the farmers of this country about 
$20,000,000. One of his varieties of black 
walnut trees, a very valuable hard wood, 
grows ten to twelve times as rapidly as 
ordinary black walnuts. With lumber 
yearly increasing in price, a quick grow- 
ing tree becomes a very valuable com- 
mercial product. Among his famous 
hybrids are the plumcot, a cross between 
an apricot and a plum, his numerous va- 
rieties of berries and his splendid '* Climax *' 
plum, the result of a cross l)etween a 
bitter Chinese plum and an edible Jap- 
anese plum. But none of Burbank^s 
products grow from seeds ; they are all produced asexually, from 
hybrids by some of the processes described in the next paragraph. 

The Department of Agriculture and its Methods. — The Depart- 
ment of Agriculture is also doing splendid work in producing new 
varieties of oranges and lemons, of grain and various garden vege- 
tables. The greatest possibilities have been shown by department 
workers to be 0|>en to the farmer or fruit grower through hybrid- 
izing, and by budding, grafting, or slipping. 

Budding. — If a given tree, for example, produces a kind of fruit 
which is of excellent quality, it is possible sometimes to attach parts 
of the tree to another strong tree of the same species that may not 
bear good fruit. This is done by budding, A T-shaped incision 
is cut in the bark ; a bud from the tree bearing the desired fruit is 
placed in the cut and bound in place. When a shoot from the 



In hybridizing, all of the 
flower is removed at the 
line (ID except the pis- 
til (P). Then pollen 
from another flower of a 
nearly related kind is 
placed on the pistil and 
the pollinati^d flower 
covered up with a paper 
hag. Can you explain 
why ? 
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embedded bud grows out the following spring, it is found to have 
all the characters of the tree from which it was taken. 
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Steps in budding, a, twig having suitable buds to us9; b, method of cutting 
out bud ; r, how the bark is cut ; d, how the bark is opened ; c, inserting 
the bud ; /, the bud in place ; g, the bud properly bound in place. 

Grafting. — Of much the same nature is grafting. Here, how- 
ever, a small portion of the stem of the closely allied tree is fas- 
tened into the trunk of the growing tree 
in such a manner that the two cut layers 
just under the bark will coincide. This 
will allow of the passage of food into 
the grafted part and insure the ultimate 
growth of the twig. Grafting and bud- 
ding are of considerable economic value 
to the fruit grower, as it enables him 
stt'p^ i" tongue grafting, //.the to produce at will, trees bearing choice 

two brunches to b* f <jrnied ; . ,. ^ ^ ., , 

. b, a tongue cut in each : r, fit- varieties 01 iruit. 

tod together ; d, method of Other Methods. — Other methods of 
^\ rapping. plant propagation are by means of run- 

ners, as when strawberry plants strike root from long stems that 
run along the ground ; layering, where roots may develop on 
covered up branches of blackberry or raspberry plants ; slips, roots 
developing from stems which are cut off and placed in moist 
sand ; from tubers, as in planting potatoes ; and by means of 

1 F(^r full directions for budding and grafting, see Goflf and Mayne, First Princi- 
ples of AijricuUun:, Chap. XIX, Mayne and Hatch, High School Agriculture, 
pp. 150-105, or Hodge, Mature Study and Life, pages 169-179. 
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bulb3, as the tulip or hyacinth. All of the above means of prop- 
agation are asexual and are of importance in our problem of 

plant breeding. 
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The Work of Gregor Mendel. — Fifty years ago, an Austrian 
monk, Gregor Mendel, found in breeding garden peas that these 
plants passed on certain fixed charndem, as the shape of the 
seed, the color of the pod when ripe, and others, and that when 
two pea plants of different characters were crossed, one of these 
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characters would hi^i likely to appear in the offspring of the 
second generation in the ratio of three to one. Such characters 
as would appear to the exclusion of others in the first crossing of 

the plants were called dominantf 
jsc the ones not appearing, reces- 
sive charactenHiics. When these 
B seeds were again sown the ones 
bearing a recessive characteris- 

0/^^ /^~\ ^ tic would produce only peas 
^^ ^*-^ with this rect^ssive characteris- 

^ ^^ 'pzr "p^ Ti? y^ tic, but the ones with a domi- 
LJ LJ \s_y \^ nant characteristic might give 

rise to a pure dominant or to 
offspring having partly a domi- 
^ nant and partly a recessive 
character ; pure dominants be- 
ing to the mixed offspring in the 
ratio of 1 to 2. The pure domi- 
nants if bred with others like 
themselves would produce only 
pure dominants, but the cross 
breeds would again produce 
mixed offspring of three kinds 
in the ratio of one dominant 
to two cross breeds and one 
recessive. The featun* of this work that interests us is that unit 
characters are pjussed along by lu^redity in the germ cells pure, 
that is, unchanged, from one generation to another, and inde- 
pendently of (»ach other. 

Determiners of Character. — A child then resembles his par- 
ents in some definite particulars because certain determiners of 
charact(?rs have b(H»n pn^sent in the germ cells of one of the 
pan^nts. If the determiner of a certain character is absent 
from the germ cells of both parents, it will be absent in all of 
their offspring. 

These disc()veri(»s of Mendel are of the greatest importance in 
plant and animal bn^eding because they enable the breeder to 
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isolate certain characters and by proper aelection to breed varieties 
which have these desired characters, instead oE waiting for a chance 
union of the desired characters by nature. 

Animal Breeding. — It has been pointed out that the domesti- 
cation of wild animals, the horse, cattle, sheep, goats, and the dog, 
marked a great advance in civilization in the history of the earth's 
peoples. As the young of 
these animals came to be 
bred in captivity the peo- 
ples owning them would 
undoubtedly pick out the 
strongest and best of 
the offspring, killing off 
the others for food. Thus 
they came unconsciously 
to select and aid nature 
in producing a stronger 
and better stock. Later 
man began to reci^iize 
certain characters that he 
wished to have in horses, 
flogs, or cattle, and mo by 
slow processes of breeding 
and " crossing " or hy- 
bridizing one nearly allied 
form with another the 
numerous groups of do- 
mesticated animals began 
to appear. 

In Darwin's time ani- 
mal breeding was so far 
advanced that he got hia 
ideas of selection by na- 
ture in evolution from the artificial selection practiced by animal 
breeders. A glance at the pictures will give some idea of the 
changes that have taken place in the form of some animals 
since man b^an to breed them a few thousand years ago. 
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Some Domesticated Animals. — Our domesticated dogs are 
descended from a number of wolflike forms in various parte of the 
world. All the present races of cat«, on the other hand, seem to 
be traced back to E^pt. Modern horees are first noted in 
Europe and Asia, but far older forms flourished on the earth in 
former geijlogic periods. It is interesting to note that America 
was the original home of the horse, although at the time of the 
earliest explorers the horse 
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improved the various types of horses familiar to us as draft horses, 
coach horses, hackneys, and the trotters. 

It is needless to say that all the various domesticated animals 
have been tremendously changed in a similar manner since civilized 
man has come to live on the earth. When we realize the very 
groat amount of money invested in domesticated animals ; that 
there are over 60,000,000 each of sheep, cattle, and swine and 
over 20,000,000 horses owned in this country, then we may see 
how very important a part the domestic animals play in our lives. 

Improvement of Man. — If the stock of domesticated animals 
can be improved, it is not unfair to ask if the health and vigor 
of the future generations of men and* women on the earth might 
not be improved by applying to them the laws of selection. This 
improvement of the future race has a number of factors in which 
we as individuals may play a part. These are personal hygiene, 
selection of healthy mates, and the betterment of the environment. 

Personal Hygiene. — In the first place, good health is the one 
greatest asset in life. We may be born with a poor bodily machine, 
but if we learn to recognize its defects and care for it properly, 
we may make it do its required work eflfectively. If certain muscles 
are poorly dc^veloped, then by proper oxercist* we may make them 
stronger. If our eyes have some defect, we can have it remedied 
by wearing glasses. If certain drugs or alcohol lower the efficiency 
of the machine, we can avoid their use. With proper care a poorly 
developed body may be improved and do effective work. 

Eugenics. — When people marry there are certain things that 
tlie individual as well as the race should demand. The most 
important of these is freedom from germ diseases which might be 
handed down to the offspring. Tuberculosis, syphilis, that dread 
disease which cripples and kills hundreds of thousands of innocent 
children, epilepsy, and feeble-mindedness are handicaps which it 
is not only unfair but criminal to hand down to posterity. The 
science of being well born is called eugenics. 

The Jukes. — Studies have been made on a number of different 
families in this country, in which mental and moral defects were 
present in one or both of the original parents. The "Jukes " 
family is a notorious example. The first mother is known as 
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" Margaret, the mother of criminals." In seventy-five years the 
progeny of the original generation has cost the state of New York 
over a million and a quarter of dollars, besides giving over to the 
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In this and the following diaKrams th<» circle represents a female, the square a 
mal<'. ® means normal ; Q means feeble-minded ; A, alcohc^ic ; T, tubc»r- 
cular ; Sx, sexually inmioral : Si/, having syphilis. This chart shows the 
record of a certain family for three generations. A normal woman married 
an alcoholic and tubercular man. He nuist have been feeble-minded 
also as two of his children were born feeble-minded. One of these children 
marri(?d another feeble-minded woman, and of their five children two died in 
infancy and three were feeble-minded. (After Davenport.) 

care of prisons and asylums considerably over a hundred feeble- 
minded, alcoholic, immoral, or criminal persons. Another ctise 
recently studie^d is tlic " Kallikak " family.* This family has 
been tracer! back to the War of th(» Revolution, when a young 
soldier named Martin Kallikak seduced a feeble-minded girl. 
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This chart shows that f«M»bIe-mindedness is a charactf^ristic sure to be handed 
down in a family Where it exists. The fe<^ble-minded woman at the top left 
of the chart marri<Ml twice. The first children from a normal father are all 
normal, but th<' otlu-r children from an alcoholic father arp all feeble-minded. 
The riKht-hand side of the chart shows a terrible record of feeble-mindedness. 
Should feeble-minde<l pe»)ple \^ allowed to marry? (.Vftt^r Davenport.) 

' The name Kallikak is fictitious. 
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She had a feeble-minded son from whom there have been to the 
present time 480 descendants. Of these 33 were sexually immoral, 
24 confirmed drunkards, 3 epileptics, and 143 feeble-minded. The 
man who started this terrible line of immorality and feeble-minded- 
ness later married a normal Quaker girl. From this couple a line 
of 496 descendants have come, with ha) cases of feeble-mindedness. 
The evidence and the moral speak for themselves ! 

Parasitism and its Cost to Society. — Hundreds of families 
such as those described above exist to-day, spreading disease, 
immorality, and crime to all parts of this country. The cost to 
society of such families is very sever(\ Just as certain animals 
or plants become parasitic on other plants or animals, th(»se families 
have become parasitic on society. They not only do harm to others 
by corrupting, stealing, or spreading disease, but they are actually 
protected and cared for by the state out of public money. Largely 
for them the poorhouse and the asylum exist. They take from 
society, but they give nothing in return. They are true parasites. 

The Remedy. — If such people were lower animals, we would 
probably kill them off to prevent them from spreading. Humanity 
A'ill not allow this, but we do have the remecly of separating the 
sexes in asylums or other places and in various ways preventing 
intermarriage and the possibilities of perpetuating such a low and 
degenerate race. Remedies of this sort have been tried success- 
fully in Europe and are now meeting with success in this country. 

Blood Tells. — Eugenics show us, on the other hand, in a study 
of the families in which are brilliant men and women, the fact that 
the descendants have received the good inheritance from their 
ancestors. The following, taken from Davenport^s Heredity in 
Relation to EugeriicSy illustrates how one family has been famous 
in American Historv. 

In 1667 Elizabeth Tuttle, " of strong will, and of extreme 
intellectual vigor, married Richard Exiwards of Hartford, Conn., 
a man of high repute and great erudition. From their one son 
descended another son, Jonathan Edwards, a noted divine, and 
president of Princeton College. Of the descendants of Jonathan 
Edwards much has been written ; a brief catalogue must suffice : 
Jonathan Edwards, Jr., president of Union (^ollege; Timothy 
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Dwight, pn^sident of Yale; Sereno Edwards Dwight, president of 
Hamilton Collcgu ; Theodore Dwight Woolsey, for twenty-five 
years president of Yale (College ; Sarah, wife of Tapping Reeve, 
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Thin rrronl shows tin* iiihcritaiicr of artistic ability (l)lack circles and Hquunui). 

(After Davenport.) 

founder of Lit('hfi(4(l Law School, herself no mean lawyer; Daniel 
Tyler, a gf^noral in the Civil War and founder of the iron indus- 
tries of North Alal)ania ; Timothy Dwight, second, president of 
Yale University from 1886 to 1898; Theodore William Dwight, 
foun(l(T and for thirtv-tlirec vcars warden of Columbia Law 
School ; H(»nrietta Franc(^s, wife of Eli Whitney, inventor of the 
cotton gin, who, Inirning th(^ midnight oil by the side of her ingen- 
ious husband, he^lpcd him to his enduring fame; Merrill Edwanls 
Gates, president of AmhcTst College; Catherine Maria Sedg- 
wick of graceful pen; Charles Sedgwick Minot, authority on 
biology and em}>ryology in the Harvard Medical School ; Edith 
Kermit Carow, wifeof TlKMnlore Roosevelt ; and Winston Churchill, 
th(» author of (^tniston and other well-known novels." 

Of the daughters of Elizabeth Tuttle distinguished descendants 
also came. I^obert Treat Paincs signer of the Declaration of 
Independenei* ; Chic^f .Justice of the United States Morrison R. 
Waite; Ulysses S. Crant and Crover Cleveland, presidents of the 
Unitefl States. These* and many other prominent men and women 
can trace the characters which enabled them to occupy the posi- 
tions of culture and learning they held back to Elizabeth Tuttle. 

Euthenics. - lOuthenics, the betterment of the environment, 
is another important factor in the production of a stronger race. 
The stronge^st physical characteristics may be ruined if the sur- 
roundings are unwholesome and unsanitary. The slums of a city 
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are ** at once symptom, effect, and cause of evil." A city which 
allows foul tenements, narrow streets, and crowded slums to exist 
will spend too much for police protection, for charity, and for 
hospitals. 

Every improvement in surroundings means improvement of the 
chances of survival of the race. In the spring of 1913 the health 
department and street-cleaning department of the city of New 
York cooperated to bring about a " clean up " of all filth, dirt, and 
rubbish from the houses, streets, and vacant lots in that city. Dur- 
ing the sunmier of 1913 the health department reported a smaller 
jwrcentage of deaths of babies than ever before. We must draw 
our own conclusions. Clean streets and houses, clean milk and 
pure water, sanitary housing, and careful medical inspection all 
do their part in maintaining a low rate of illness and death, thus 
reacting upon the health of the citizens of the future. It will be 
the purpose of the following pages to show how we may best care 
for our own bodies and how we may better the environment in 
which we are placed. 
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XVIII. THE HUMAN MACHINE AND ITS NEEDS 

I^roblenu — To fjbtahi a genend understanding of the parts 
and uses of the bodily machine. 

Laboratory Suggestions 

Demonstration. — Review to show that the human body is a complex of 
cells. 

Laboratory demonstration by means of (a) human skeleton and (b) 
manikin to show tlie position and gross structure of the chief organs of 
man. 

Man and his Environment. — In the last chapter we saw that 
one factor in the improvement of man lies in giving him better 
surroundings. It will be tlie purpose of the following chapters 
to show how man is fitted to live in the environment in which 
he is placed. He comes in contact with air, light, water, soil, 
food, and shelter which make his somewhat artificial environment; 
he must adapt himself to get the best he can out of this environ- 
ment. 

The Needs of Living Things. — We have already found that the 
primary needs of plants and animals are the same. They both 
need food, they both need to digest their food and to have it cir- 
culate in a fluid form to the cells where it will l)e used. They 
both need oxygen so as to release the energy locked up in their 
food. And they i)oth need to reproduce so that their kind may be 
continued on the earth. What is true of plants and other animals 
is true of man. 

The Needs of Simple and Complex Animals the Same. — 

The simplest animal, a single cell, has the same needs as the most 

complex. Th(^ cell paramcjecium feeds, digests, oxidizes its food, 

and releases energy. The cells of the human body built up into 

tissues have the same ne(*ds and perform the same functions as 

the paramcccium. It is the cells of the body working together 

2m 



THE HUMAN MACHINE 



267 



in groups as tissues and organs that make the complicated actions 
of man possible. Division of labor has arisen because of the 
complex needs and work .of the organism. 

The Human Bodr a Machine. — In all animals, and the human 
animal is no exception, the body has been likened to a machine 
in that it turns over the latent or potential 
energy stored up in food into kinetic 
energy (mechanical work and heat), 
which is manifested when we perform 
work. One great difference exists l>e- 
tween an engine and the human bo(l\'. 
The engine uses fuel unlike the substance 
out of which it is made. The human 
body, on the other hand, uses for fuel 
the same substances out of which it is 
formed ; it may, indeed, use part of its 
own substance for food. It must as well 
do more than purely mechanical work. 
The human oi^anism must be so deli- 
cately adjusted to its surroundings that 
it will react in a reatly manner to stimuli 
from without ; it must be able to utilize 
its fuel (food) in the most economical 
manner ; it must be fitted with machinery 
for transforming the energy received from 
food into various kinds of work ; it must 
properly provide the machine with oxygen 
so that the fuel will be oxidized, and the Thn humun imdy s 
products of oxidation must be carried the side 
away, as well as other waste materials 

which might harm the effectiveness of the machine. Most 
important of all, the human machine must be able to repair 
itself. 

In order to understand better this complicated machine, the 
human body, let us briefly examine the structure of its parts 
and thus get a better idea of the interrelation of these parts and 
of their functions. 
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The Skin. — Covering the body is a protective structure called 
the skin. Covered on the outside with dead cells, yet it is provided 
with delicate sense ot^ana, which give us perception of touch, taste, 
smell, pressure, and temperature. 
It also luds in getting wastes out 
of the body by means of its sweat 
glands and plays an important part 
in equalizing the temperature of 
the body. 

Bones and Muscles. — The body 
is built around a framework of 
bones. These hones, which are 
bound together by tough ligaments, 
fall naturally into two great groups, 
the bones of the Ixniy proper, verte- 
bral column, ribs, breast bone, and 
skull, which form the axial skeleton, 
and the appendages, two sets of 
bones which form the framework 
of the arms and legs, which with 
the l>ones which attach them to the 
axial skeleton form the apperuiicular 
skeleton. 

To the bones are attached the 
muscles of the body. Movement 
is accomplished by contraction of 
muscles, which are attached so an 
-Tar to eause the bones to act as levers. 
_ /?/ Bones also protect the ner\'ous 
system and other delicate organs. 
They also help to give form and 
rigidity to the lx>dy. 

Hygiene of Muscles and Bones. 
— Young people especially need to 
know how to prevent certain defects 
which are largely the result of bad 
habits of posture. Standing erect 




:m ; R,. rudiiiK: (/,. ulna 
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is an example of a good habit, round shoulders a bad habit of this 
aort. The habit of a wrong poution of bones and muscles once 
formed is very hard to correct. 
This can best be done by certain 
corrective exercises at home or 
in the gymnasium. 

Round shoulders is most com- 
mon among people whose occu- 
pation causes them to stoop. 
Drawing, writing, and a wtX)ng 
position when at one's desk are 
lunung the causes. ExerciseK 
which strei^hen the back 
muscloK and cause the head to 
be kept erect are helpful in form- 
ing the habit of erect carriage. 

Slight curvature of the spine 
either liackward or forward is 
helped most by exercises which 
tend to straighten the body, 
such as stretching up with the 
hands alwive the head. Lateral curvature of the spine, too often 
caused by a " hunched-up " position at the school desk, may also 




DiBgram ihowing action of bicpps miucle. 
a. contracted; b, eitcDded; k. humenu; 
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Three claawB uf tevera io the humaD body: bones bdiI muaclo art together. 
A, a Ifvpr of the firet clan; B, a lever of the •eeoiid elan: C. a lever of the 
third clan. 

be corrected by exercises which tend to lengthen the spinal 
column. 
It is the duty of every girl and boy to have good posture and 
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erect carriage, not only because of the better 
state of health which comes with it, but alao 
iK-cause one's self-respect demands that each 
iiTu; of ua makes the best of the gifts that 
luitiire hjis given uw. An erect head, strugbt 
:^liouklers, and elastit- carriage go far toward 
muking their owner lioth liked and respected. 

Other Body Structures. — In spaces between 
llii; musclea aw found various other structures, 
— lilooti vc'ssel.s, wliich carry blood to and from 
solu)..lr<j.)m may tlic great pumping station, the heart, and 
luiicc' piTmuiifiii thi'ncc to all parts of the lK>dy ; connective 
injury t<i Mil' cpiiii'. . ,■■.., , . . 

tissue, which holds groups of muscle or other 

cells together; fat cells, scattered in various parts of the body; 
various gland cells, which manufacture enzymes; and the cellfl 
of the nervou.s system, which jiid in directing the body parts. 

Body Cavity. — Within the Ijody is a cavity, which in life is 
almost completely filleil with various organ.i. A thin wall of 
muscle called the iliuphriigin divitles the Ixidy cavity into two 
unequal s|)iw'es. In the upper sjiacc are found the htart and htngs, 
in the lower, the digestive tract with its glamis, the liver, kidneys, 
and other structures {see page 2(i7). 

Digestion, Absorption, and Excretion. — Runnii^ through the 
body is a food tube in which undigested fo(Kl is placed and from 
which digested or liquid food is alisorlH'd into the blood so that the 
cells of the various organs which do the work may receive food. 
Emptying into this foml tube are various groups of gland cells, 
which pour digestive fluids over the solid foods, thus aiding in 
changing them to li(iuids. Solid wastes are pitsscd out through 
the posterior end of the food tube, while liquid wastes are excreted 
by means of glands called h'llnei/x. 

Work done by Cells. — Food, prepartnl in the digestive tract, 
and oxygen from the lungs are taken by the blood to the cells. 
Bathed in Hfjuid fiHid, the cells do their work; they promote 
the oxidization of food and the exchange of carbon dioxide for 
oxygen in the blood, while other wastes of the cells are given off, 
to pass eventually through the kidneys and out of the body. 
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The Nervous Srstero. — The smooth working of the bodily 
machine is due to another set of structures which direct the work- 
ing of the parts so that they will act in unison. This director is 
the nervous system. We have seen that, in the simplest of animala, 
one L-ell performs the functions necessary to its existence. In 
the more complex animals, where groups of cells form tissues, 
each having a different function, a nervous system is developed. 
The funcliims of the human nervous system are ; (I) the providing 
of man imlh sensation, by means of which he gets in loiich with the 
world about him: (2) the connecting of organs in different parts of 
the body so that they act as a united and harmonious whole; (3) the 
giving to the human being a will, a provision for thought. Cooper- 
ation in word and deed is the end attained. We are all familiar 
with examples of the cooperation of organs. You see food ; the 
thought comes that it is good to eat ; you reach out, take it, raise 
it to the mouth ; the jaws move in response to your will ; the food 
is chewed and swallowed. While digestion and al>sorption of the 
food are taking place, the nervous system is still in control. The 
nervous system also r^ulat-es pumping of blood over the body, 
respiration, secretion of glands, and, indeed, every iKKlily function. 
Man is the highest of all animals because of the extreme develop- 
ment of the nervous system. Man is the thinking animal, and as 
such is master of the earth. 
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XIX. FOODS AND DIETARIES 

Problems.^ A study of foods to detennine:^ 

(a) Their nutritive value, 

(b) The relation of work, environment, age, se^v, an'd diges- 
tibility of foods to diet, 

(c) Th£ir relative cheapness, 

id) Tlie daily Calorie requirement, 

(e) Food adulteration, 

(f) The relation of alcohol to the human sys^t^m. 

Laboratory Sug(je8Tion8 

Laboratory exercise. — Composition of common foods. The series of 
food charts supplied by the United States Department of A^ciilture 
makes an excellent basis for a laboratory exercise to determine common 
foods rich in (a) water, (b) starch, (c) sugar, (d) fats or oils, (e) protein, 
(/) salts, ig) refuse. 

Demonstration. — Method of using bomb calorimeter. 

Laboratory and home exercise. — To determine the best individual bal- 
anced dietar>' (using standard of Atwat<^r, Chittenden, or Voit) as deter- 
mined by the use of the 100-Calorie portion. 

Demonstration. — Tests for some common adulterants. 

Demonstration. — Effect of alcohol on protein, e.g. white of egg. 

Demonstration. — Alcohol in some patent medicines. 

Demonstration. — Patent medicines containing a(*etanilid. Determina- 
tion of acotanilid. 

Why we Need Food. — A locomotive engine takes coal, water, 
oxygen, from its environment. A living plant or animal takes 
organic food, wat<»r, and oxygen from its environment. Both the 
living and nonliving machine does the same thing with this fuel 
or food. They oxidize it and release the energy in it. But the 
living organism in addition may use the food to repair parts that 
have broken down or even build new parts. Thus food may be 
defined as sotnething that releases energy or thai forms maierial for 
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the growth or repair of the body of a plant or animaL The mil- 
lions of cells of which the body is composed must be given material 
which will form more living matter or material which can be oxi- 
dized to release energy when muscle cells move, or gland cells 
secrete, or brain cells think. 

Nutrients. — Certain nutrient materials form the basis of food 
of both plants and animals. These have l>een stated to l>e proteins 
(such as lean meat, eggs, the gluten of bread), 
carbohydrates (starches, sugars, gums, etc.),/a^^ 
and oils (both animal and vegetable), viineral 
ffiatter and water. 

Proteins. — Protein substances contain the 
element nitrogen. Hence such foods are called 
nitrogenous foods. Man must form the proto- 
plasm of his body (that is, the muscles, tendons, 
nervous system, blood corpuscles, the living parts 
of the bone and the skin, etc.) in part at least 
from nitrogenous food. Some of this he ob- ThrTomposition of 
tains by eating the flesh of animals, and some 
he obtains directly from plants (for example, 
peas and })eaas). Proteins are the only foods 
available for tissue building. They may be oxidized to release 
energy if occasion requires it. 

Fats and Oils. — Fats and oils, both animal and vegetable, 
are the materials from which the body derives part of its energy. 
The chemical formula of a fat shows that, compared with other 
food substances, there is very little oxygen present; hence the 
greater capacity of this substance for uniting with oxygen. The 
rapid burning of fat comparecl with the slower combustion of a 
piece of meat or a piece of bread illustrates this. A pound of butter 
releases over twice as much energy to the body as does a pound of 
sugar or a pound of steak. Human fatty tissue is formed in part 
from fat eaten, but carbohydrate or even protein food may be 
changed and stored in the body as fat. 

Carbohydrates. — We see that the carbohydrates, like the fats, 
contain carbon, hydrogen, and oxygen. Carbohydrates are essen- 
tially energy-prodxicing foods. They are, however, of use in build- 
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milk. Why is it 
considered a good 
food? 
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iog up or repairing tissue. It in certainly true that In both plants 
and animals such foods paits directly, together with foods contus- 
ing nitrogen, to repair waste in tissues, thus givii^ the needed 
proportion of carbon, oxygen, and hydrogen to unite with the 
nitrogen in forming the protoplasm of the body. 

Inorganic Foods. — Water forms a lai^e part of almost every 
food substance. It forms al>out five sixths of a normal daily diet. 
Tlie human body, by weight, is 
about two thirds water. About 90 
per cent of the blood is water. 
Water i.s absolutely essential in 
passing off wjuste of the body. 
When we drink water, we take 
witli it some of the inorganic salts 

use<l by the l>ody in the making of 

Three portiona of foodB. each of bone and in the formation of proto- 
«mau^/Tl"rl!rihnr,',i ^^^ ■""'" P'''"'*™- f'o''"™ ehloride {table 
mlt), an important part of the 
blood, is tiiken in as a flavoring upon our meats and vegetables. 
Phosphate of lime and potash an- important faetors in the forma- 
tion of bone. 

Phosphorus is a neces-sary sul»stance fur the making of living 
matter, milk, eggs, meat, whole wheat, and dried peas and beans 
containing small amounts of it. Iron also is an extremely impor- 
tant mineral, for it is usf-d in the building of red blood cells. Meats, 
eggs, yn'oa and iM'ans, spin:u'h, anil prunes, are foods containing 
some iron. 

Some other salts, compounds of calcium, magnesium, potassium, 
and phosphorus, have b«'n recently found to aid the body in Jnany 
of its most im|M)rtant functions. Tlie beating of the heart, the 
contraction of muscles, and tlie ability of the nerves to do their 
work apix'ar to Ix- due to the presence of minute quantities of these 
salts in the bo<ly. 

Uses of Nutrients. ^ The following table sums up the uses of 
nutrients to man ; ' — 

' XiilrilioH nnd NiitrUive Value 0/ Food. 



FOODS AND DIETARIES 



275 



Protein Forms tissue (mus- ] 



cles, tendon, i 

and probably ' All serve as 

fuel and yield 
energy in form 
of heat and mus- 
cular strength. 



White of eggs (albumen), 
curd of milk (casein), lean 
meat, gluten of wheat, etc. fat). 

Fats Form fatty tissue. 

Fat of meat, butter, oHvc oil, 
oils of corn and wheat, etc. 

Carbohydrates Transformed into 

Sugar, starch, etc. fat. 

Mineral matters (ash). . . Aid in forming bone. 
Phosphates of lime, potash, assist in diges- 

soda, etc. tion, aid in ab- 

sorption and in 
other ways help 
the body })art« 
do their work. 
Water used as a vehicle to carry nutrients, and enters into the compo- 
sition of living matter. 

Common Foods contain the Nutrients. — We have already 
found in our plant study that various plant foods are rich in dif- 
ferent nutrients, car])ohydrato8 forming the chief nutrient in the 
foods we call cereals, breads, cake, fleshy fruits, sugars, jellies, and 
the like. Fats and oils are most largely found in nuts and some 
grains. Animal foods are our chief supply of protein. White of 
egg and loan meat are almost pure protein and water. Proteins 
are most abundant, as we should expect, in those plants which are 
richly supplied with nitrogen ; peas and beans, and in grains and 
nuts. Fats, which are melted into oils at the temperature of the 
body, are represented by the fat in meats, bacon, pork, lard, 
butter, and vegetable oils. 

Water. — Water is, as we have seen, a valuable part of food. 
It makes up a very high percentage of fresh fruits and vegetables ; 
it is also present in milk and eggs, less abundant in moats and fish, 
and is lowest in dried foods and nuts. The amount of water in a 
given food is often a decided factor in the cost of the given food, 
as can easily be seen by reference to the chart on page 283. 

Refuse. — Some foods bought in the market may contain a 
certain unusable portion. This we call refuse. Examples of. 
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Table of food values. Determine tlu^ ])ereeiitaKe of watoi in codfiRh, loin of bwf, 
milk, |>()tat(H>s. Pere(>iitat:e of refuse in let! of mutton, codfish, eggs, and 
I>otato;*s. What in the refuse in each ea.se ? Find three foods containing a 
hijth percentage of prr)tein ; of fat ; of carbohydrate. Find some food in 
which the proportion;* of j)rotein, fat, and carbohydrate are combined in a 
goo<l proportion. 
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refuse are bones in meat, shells of cggft or of shellfish, the covering 
of plant cells which form the skins of potatoes or other vegetables. 
The amount of refuse present also plays an important part in the 
values of foods for the table. The table ' on page 276 gives the per- 
centages of organic nutrients, water, and refuse present in some 
common foods. 

Fuel Values of Nutrients. — In experiments performed by 
Professor Atwater and others, an<l in the appended tables, the 
value of food as a source of energy is stated in heat units called 
Calories. A Calorie is Ike amount of heal required to raise the tem- 
perature of one kilogram of water from zero to one riegree Centigrade. 
This is about equivalent to raiding one pound four degrees Fahren- 
heit. The fuel value of different foods may Iw computed in a 
definite manner. This is done l)y burning a given portion of a 
food (say one gram) in the apparatus known as a calorimeter. 
By this mcaruj may !>c determined the number of degrees the 
temperature of a given amount of water is raised during the process 
of burning. It has thus Iwen found that a gram of fat will liber- 
ate 9.3 {"alories of heat, while a gram of stnrrh or sugar only about 
4 ('alories. The burning value of fat is, therefore, over twice that 
of carlwhydrates. In a similar manner protein has ticen shown to 
have al>out the same fuel value as (larbohydrates, i.e. 4 Calories 
to a gram.' 

The Relation of Work to Diet. — It has been shown experimen- 
tally that a man doing hard, muscular work needs more food 
than a person doing light work. The mere exercise gives the 
individual a hearty appetite; he eats more and needs more of 
all kinds of food than a man or Ikiv doing light work. Especially 
is it true that the person of sedentary habits, who does brain work, 
should be careful to eat less food and food that will digest easily. 
His protein food should also be reduced. Rich or hearty foods 
may be left for the man who is doing hard manual labor out 
of doors, for any extra work put on the digestive organs takes 
away just so much from the ability of the brain to do it« 
work. 

I W. O. Atwater, Prineipltt of Nutntim and Nutrilite Vidut of Food. U.S. De- 
purtmcDt of AKTii'uttun!, 1902. 
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Foods largely of uciinial origin. Compare with the previoUE chart with rcrcr- 
Gnce to amount of protriii, carbohydrate, and Tat in looia. Compare the 
biumng value of plant and aoimal fooda. Compare the relative percCDta(C 
of water in bath lands of foods. 
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The Relation of Environment to Diet. — We are all aware of the 
fact that the body seems to crave more food in winter than in 

summer. The temperature of 
the ])ody is maintained at 98.6** 
in winter as in summer, but 
much more heat is lost from the 
body in cold weather. Hence 
feeding in winter should be for 
the purpose of maintaining our 
fuel supply. We need heat- 
producing food, and we need 
more food in winter than in 
summer. We may use earlxH 
hydrates for this purpose, as 
thoy are economical and diges- 
tible. The inhabitants of cold 
countries get their heat-releasing 
foods largely from fats. In 
tropical countries and in hot 
weather little protein should 
be eaten and a considerable 
amount of fresh fruit used. 
The Relation of Age to Diet. — As we will see a little later, age 
is a factor not only in determining the kind but the amount of 
food to be used. Young childri^n require far less food than do 
those of ol(l(T growth or adults. The l)ody constantly increases 
in weight until young manhood or womanhood, then its weight 
remains nearly stationary, varying with health or illness. It is 
evident that food in adults simply repairs the wast« of cells and 
is used to supply energy. Elderly people* need much less protein 
than do younger pcTsons. But inasmuch as the amount of food 
to be taken into the body should be in proportion to the body 
weight, it is also evidcMit that growing children do not, as is p>opu- 
larly supposed, need as much food as gr()wn-u])s. 

The Relation of Sex to Diet. — As a rule boys need more food 
than girls, and men than women. This seems to be due to, first, 
the more active muscular life of the man and, secondly, to the 
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greater amount of fat in the tissues of the woman, making 
loss of heat less. Larger bodies, because of greater surface, 
give off more heat than smaller ones. Men are usually larger 
in bulk than are women, — another reason for more food in their 
case. 

The Relation of Digestibility to Diet. — Animal foods in general 
may be said to be more completely digested within the body than 
plant foods. This is largely due to the fact that plant cells have 
woody walls that the digestive juices cannot act upon. Cereals 
and legumes are less digestible foods than are dairy products, 
meat, or fish. This does not mean necessarily that these foods 
woukl not agree with you or me but that in general the body would 
get less nourishment out of the total amount available. 

The agreement or disagreement of food with an individual is 
largely a personal matter. I, for example, cannot eat raw toma- 
toes without suffering from indigestion, while some one else can 
digest tomatoes but not strawl)erries. Each individual should 
learn early in life the foods that disagree with him personally 
and leave such foods out of his dietary. For " what is one man's 
meat may be another man's poison." 

The Relation of Cost of Food to Diet. — It is a mistaken notion 
that the l^cst foods are always the most expensive. A glance at 
the table (page 283) will show us that both fuel value and tissue- 
building value is present in some foods from vegetable sources, as 
well as in those from animal sources, and that the vegetable foods 
are much cheaper. The American people are far less economical 
in their purchase of food than most other nations. Nearly one 
half of the total income of the average workingman is spent on 
food. Not only does he spend a large amount on food, but he 
wastes money in purchasing the wrong kinds of food. A compari- 
son of the daily diets of persons in various occupations in this 
and other countries shows that as a rule we eat more than is nec- 
essary to supply the necessary fuel and repair, and that our working- 
men eat more than those of other countries. Another waste of 
money by the American is in the false notion that a large propor- 
tion of the daily dietary should be meat. Many people think 
that the most expensive cuts of meat are the most nutritious. 
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The falsity of this idea may be seen by a careful study of the tables 
on pages 283 and 286. 

The Best Dietary. — Inasmuch as all living substance contains 
nitrogen, it is evident that protein food must form a part of the 
dietary ; but protein alone is not usable. If more protein is eaten 
than the body requires, then inunediately the liver and kidneys 
have to work overtime to get rid of the excess of protein which 
forms a poisonous waste harmful to the body. We must take 
foods that will give us, as nearly as possible, the proportion of 
the different chemical elements as they are contained in proto- 
plasm. It has been found, as a result of studies of Atwater and 
others, that a man who does muscular work requires a little less 
than one quarter of a pound of protein, the same amount of fat, 
and about one pound of carbohydrate to provide for the growth, 
waste, and repair of the body and the energy used up in one day. 

The Daily Calorie Requirement. — Put in another way, At- 
water's standard for a man at light exercise is food enough to 
yield 2816 Calories ; of these, 410 Calories are from protein, 930 
Calories from fat, and 1476 Calories from carbohydrate. That is, 
for every 100 Caloric^s furnished l)y the food, 14 are from protein, 
32 from fat, and 54 from carbohydrate. In exact numbers, the 
day's ration as advocat^xl by Atwater would contain about 100 
grams or 3.7 ounces protein, 100 grams or 3.7 ounces fat, and 360 
grams or 13 ounces carbohydrate. Professor Chittenden of Yale 
University, another food expert, thinks we need proteins, fats, and 
carbohydrates in about the proportion of 1 to 3 to 6, thus differing 
from Atwater in giving less protein in proportion. Chittenden's 
standard for the same man is food to yield a total of 2360 Calories, 
of which protein furnishes 236 Calories, fat 708 Calories, and car- 
bohydrates 1416 Calories. For every 100 Calories furnished by 
the food, 10 are from protein, 30 from fat, 60 from carbohydrate. 
In actual amount the Chittenden diet would contain 2.16 ounces 
protein, 2.83 ounces fat, and 13 ounces carbohydrate. A German 
named Voit gives as ideal 25 Calories from proteins, 20 from 
fat, and 55 from carbohydrate, out of every 100 Calories; this 
is nearer our actual daily ration. In addition, an ounce of salt 
and nearly one hundred ounces of water are used in a day. 
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Table showing the cost of various foods. Using this table, make up an economical 
dietary for one day, three meals, for a man doing moderate work. Give 
reasons for the amount of food used and for your choice of foods. Make up 
another dietary in the same manner, using expensive foods. What is the 
difference in your bill for the day? 
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A Mixed Diet Best. — Knowing the proportion of the different 
food substances required by man, it will be an easy matter to 
determine from the tables and charts shown you the best foods 
for use in a mixed diet. Meats contain too much nitrogen in 
proportion to the other substances. In milk, the proportion of 
proteias, carbohydrates, and fats is nearly right to make proto- 
plasm ; a considerable amount of mineral matter being also pres- 
ent. For these reasons, milk is extensively used as a food for 
children, as it combines food material for the forming of proto- 
plasm with mineral matter for the building of bone. Some vege- 
tables (for example, peas and beans) contain a large amount 
of nitrogenous material but in a less digestible form than is found 
in some other foods. Vegetarians, thciu, are correct in theory 
when they state that a diet of vegetables may contain every- 
thing necessary to sustain life. But a mixed diet containing 
meat is healthier. A purely vegetable diet contains much waste 
material, such as the cellulose forming the walls of plant cells, 
which is indigestible. It has been recently discovered that the 
outer coats of some grains, as rice, contain certain substances 
(enzymes) which aid in digestion. In the case of polished rice, 
when this outer coat is removed the grain has much less food value. 

Daily Fuel Needs of the Body. — It has been pointed out that 
the daily diet should differ widely according to age, occupation, 
time of year, etc. The following table shows the daily fuel needs 
for s(^veral ages and occupations : — 

Daily Calorie Needs (Approximately) 

1 . For child under 2 years 900 Calorics 

2. For child from 2-5 years 1200 Calories 

3. For child from 6-9 years 1500 Calories 

4. For child from 10-12 years 1800 Calories 

5. For child from 12-14 (woman, light work, also) . . 2100 Calories 
0. For boy (12-14), girl (15-16), man, sedentary . . . 2400 Calories 
7. For boy (15-16) (man, light muscular work) . . . 2700 Calories 
K. For man, moderately active muscular work .... 3000 Calories 
9. For fanner (busy season) 3200 to 4000 Calories 

10. For ditchers, excavators, etc 4000 to 5000 Calories 

11. For luml)ennen, etc 5(KK) and more Calories 
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Normal Heat Output. — The following table gives the result of 
some experiments made to determine the hourly and daily expen- 
diture of energy of the average normal grown person when asleep 
and awake, at work or at rest : — 

Average NoRBiAL Output of Heat from the Body 



CoKDiTiONs or Muscular Activitt 



Man at rc^t, sleeping 

Man at rest, awake, sitting uj) . . . . , 
Man at light muscular exercise ... 
Man at moderately active muscular exercise 
Man at severe muscular exercise . . . . 
Man at very severe muscular exercise 



AVBRAOB 

Calories 
PER Hour 



65 Calories 
100 Calories 
170 (^alories 
290 Calories 
450 Calories 
600 Calories 



It is very simple to use such a table in calculating the number 
of Calories which are spent in twenty-four hours under dififerent 
bodily conditions. For example, suppose the case of a clerk or 
school teacher leading a relatively inactive life, who 



sleeps for 9 hours 

works at desk 9 hours 

r(>ads, writes, or studies 4 hours . 
walks or does light exercise 2 hours 



X 65 Calories 
X 100 Calories 
X 100 Calories 
X 170 Calories 



585 
900 
400 
340 

2225 



This comes out, as we see, very close to example 6 of the table ^ 
on page 284. 

How we may Find whether we are Eating a properly Balanced 
Diet. — We already know approximately our daily Calorie needs 
and about the proportion of protein, fat, and carbohydrate needed. 
Dr. Irving Fisher of Yale University has worked out a very easy 
method of determining whether one is living on a proper diet. He 
has made up a number of tables, in which he has designated 
portions of food, each of which furnishes 100 Calories of energy. 



1 The above tables have been taken from the excellent pamphlet of the Cornell 
Reading Course, No. 6, Human NutriHon. 
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I doz. 


6.8 


49 


1 

22 


Ob 
29 


9* 


Seu 


Oysters . . . 


.175 


.07 


Bean sou]> . . 


J small serving 


2.6 


24 


12 


64 




.007 


Cream of corn . 


J ordin. serv. 


3.1 


11 ! 


58 


31 


1 


.02 


Vegetable souj) . 


J ordin. serv. 


2.4 


8 


89 ■ 


3 




.01 


Cod fish (fresh) 


ordin. serv. 


5 


95 


O 





.12 


.04 


Salmon (canned) 


small serv. 


1.75 


45 


55 





.22 


.03 


Chicken . . . 


large ser\'. 


1.75 


39 


56 


5 


.22 


.05 


Veal cutlet . . 


large ser^^ 


2.4 


54 


46 





.28 


.045 


Beef, corned . . 


\ large serv. 


1.0 


15 


85 





.16 


.01 


Beef, sirloin . . 


small serv. 


1.6 


33 


67 





.34 


.04 


Beef, round . . 


small serv. 


l.S ' 


39 


61 





.24 


.025 


Ham, lean . . 


ordin. serv. 


l.l 


28 


72 J 





.22 


.015 


T^mb chops . . 


2 ordin. serv. 


1.0 


24 


76 1 





.20 


.013 


Mutton, leg . . 


ordin. serv. 


1.2 


35 


65 ' 





.20 


.015 


Eggs, boiled . . 


1 large egg 


2.1 


32 


68 





.30 doz. 


.025 


Eggs, scrambled . 


IJ ordin. serv. 


2.5 


37 


58 


5 


.30 doz 


.03 


Beans, baked . . 


side dish 


2.66 


21 


18 


61 


.08 


.013 


Potatoes, mash(Ml 


ordin. serv. 


3.2 


10 


25 


65 


.02 


.005 


Macaroni . . 


J large serv. 


.95 


15 


3 


82 


.10 


.01 


Potato salad . . 


ordin. serv. 


2.25 


10 


57 


33 


.20 


.025 


Tomatoes, sHced 


4 large serv. 


15. 


15 


16 


69 


.10 


.10 


Rolls, plain . . 


1 large roll 


1.2 


12 


7 


81 


.10 doz. 


.01 


Butter . . . 


ordin. pat 


.44 





99,5 




.35 


.01 


Wheat bread 


1 small slice 


.96 


15 


m 

o 


80 


.07 


.005 


Chocolate cak(* . 


\ ord. sq. piece 


.98 


7 


22 


71 


.32 


.02 


Gingerbread 


I ord. aq. piece 


.96 


6 


23 


71 


.16 


.01 


Custard pudding 


ordin. serv. 


3.25 


18 


42 


40 


.15 


.03 


Rice pudding . . 


very small serv. 


2.65 


8 


13 


79 


.13 


.02 


Apple pic . . 


J piece 


1.3 





32 


63 


1 


.013 


Cheese, American 


1^ cu. in. 


.77 


25 


73 


2 


.19 


.01 


Crackers (soda) . 


2 crackers 


.9 


10 


20 


70 


.10 


.007 


Currant jelly . . 


2 heap, spoons 


1.1 


2 





98 


.40 


.025 


Sugar .... 


3 teaspoons 


.86 








100 


.06 


.003 


Milk as bought . 


small glass 


4.9 


1 19 


52 


29 


.05 


.015 


Milk, cond., sweet 


4 teaspoons 


1.06 


10 


' 23 


67 




.01 


Oranges . . . 


1 large one 


I 9.4 


6 

1 


3 


91 




.025 


Peanuts . . . 


13 double ones 


1 .62 


20 


63 


17 




.004 


Almonds, shelled 


8-15 


.53 


13 


77 


1 10 


1 

1 

1 


; .025 
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The tables show the proportion of protein, fat, and carbohydrate 
in each food, so that it is a simple matter by using such a table 
to estimate the proportions of the various nutrients in our dietary. 
We may depend upon taking somewhere near the proper amount 
of food if we take a diet based upon either Atwater's, Chittenden's, 
or Voit's standard. One of the most interesting and useful 
pieces of home work that you can do is to estimate your own 
personal dietary, using the tables giving the 100-Calorie portion 
to see if you have a properly balanced diet. From the table on 
page 286 make out a simple dietary for yourself for one day, 
estimating your own needs in Calories and then picking out 100- 
Calorie portions of food which will give you the proper propor- 
tions of protein, fat, and carbohydrate. 

From the preceding table plan a well-balanced and cheap dietary 
for one day for a family of five, two adults and three children. 
Make a second dietary for the same time and same number of 
people which shall give approximately the same amount of tissue 
and energy producing food from more expensive materials. 

Food Waste in the Kitchen. — Much loss occurs in the im- 
proper cooking of foods. Meats especially, when overdone, 
lose much of their flavor and are far less easily digested than when 
they are cooked rare. The chief reasons for cooking meats are 
that the muscle fibers may be loosened and softened, and that the 
bacteria or other parasites in the meat may be killed by the heat. 
The common method of frying makes foods less digestible. Stew- 
ing is an economical as well as healthful method. A good way to 
prepare meat, either for stew or soup, is to place the meat, cut in 
small pieces, in cold water, and allow it to simmer for several 
hours. Rapid boiling toughens the muscle fibers by the too rapid 
coagulation of the albuminous matter in them, just as the white 
of egg becomes tough when boiled too long. Boiling and roasting 
are excellent methods of cooking meat. In order to prevent the 
loss of the nutrients in roasting, it is well to baste the meat fre- 
quently ; thus a crust is formed on the outer surface of the meat, 
which prevents the escape of the juices from the inside. 

Vegetables are cooked in order that the cells containing starch 
grains may be burst open, thus allowing the starch to be more 
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easily attacked by the digestive fluids. Inasmuch as water may 
dissolve out nutrients from vegetable tissues, it is best to boil 
them rapidly in a small amount of water. This gives less time 
for the solvent action to take place. Vegetables should be cooked 
with the outer skin left on when it is possible. 

Adulterations in Foods. — The addition of some cheaper sub- 
stance to a food, or the subtraction of some valuable substance 
from a food, with the view to cheating the purchaser, is known 
as aduUeration. Many foods which are artificially manufactured 
have been adulterated to such an extent as to be almost unfit for 
food, or even harmful. One of the commonest adulterations is the 
substitution of grapo, sugar (glucose) for cane sugar. Glucose, 
however, is not a harmful adulterant. It is used largely in candy 
making. Flour and other cereal foods are sometimes adulterated 
with some cheap substitutes, as bran or sawdust. Alum is some- 
times added to make flour whiter. Probably the food which suflFers 
most from adulteration is milk, as water can be added without 
the average person being the wiser. By means of an inexpensive 
instrument known as a lactometer ^ this c^heat may easily be de- 
t<>cted. In most cities, the milk supply is carefully safeguarded, 
because of the danger of spreading typhoid fever from impure 
milk (see Chapter XX). Before the pure food law was passed in 
1906, milk was frequently adult (crated with substances like for- 
malin to make it keep sweet longer. Such preservatives are 
harmful, and it is now against the law to add anything whatever 
to milk. 

(\)ff(*e, cocoa, and spices are subject to great adulteration; 
(^ottonscHHl oil is often substituted for olive oil; butter is too 
fre(iuently artificial ; while honey, sirups of various kinds, cider 
and vint^gar, have all been found to be either artificially made from 
(cheaper substitutes or to contain such substitutes. 

Pure Food Laws. — Thanks to the National Pure Food and 
Drug Law pjissed by Congress in 1900, and to the activity of 
various city and state boards of health, the opportunity to pass 
adulterated foods on the public is greatly lessened. This law 
compels manufacturers of foods or medicines to state the compo- 
sition of their products on the labels placed (m the jars or bottles. 
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So if a person reads the label he can determine exactly what he 
is getting for his money. 

Impure Water. — Great danger comes from drinking impure 
water. This subject has already been discussed under Bacteria, 
where it was seen that the spread of typhoid fever in particular is 
due to a contaminated water supply. As citizens, we must aid all 
legislation that will safeguard the water used by our towns and 
cities. Boiling water for ten minutes or longer will render it 
safe from all organic impurities. 

Stimulants. — We have learned that food is anything that 
supplies building material or releases energy in the body; but 
some materials used by man, presumably as food, do not come 
under this head. Such are tea and coffee. When taken in 
moderate quantities, they produce a temporary increase in the 
vital activities of the person taking them. This is said to be a 
stimulation ; and material taken into the digestive tract, produc- 
ing this, is called a stimulant. In moderation, tea and coffee 
appear to be harmless. Some people, however, cannot use either 
without ill effects, even in small quantity. It is the habit formed 
of relying upon the stimulus given by tea or coffee that makes 
them a danger to man. Cocoa and chocolate, although both 
contain a stimulant, are in addition good foods, having from 12 
per cent to 21 per cent of protein, from 29 per cent to 48 per cent 
fat, and over 30 per cent carbohydrate in their composition. 

Is Alcohol a Food? — The question of the use of alcohol has 
been of late years a matter of absorbing interest and importance 
among physiologists. A few years ago Dr. Atwater performed a 
series of very careful experiments by means of the respiration 
calorimeter, to ascertain whether alcohol is of use to the body as 
food.^ In these experiments the subjects were given, instead of 
their daily allotment of carbohydrates and fats, enough alcohol 
to supply the same amoimt of energy that these foods would 
have given. The amount was calculated to be about two and 
one half ounces per day, about as much as would be contained in 

I Alcohol is made up of carbon, oxygen, and hydrogen. It is very easily oxidised, 
but it cannot, aa is shown by the chemical formula, be of use to the body in tissue 
building, l>ocause of its lack of nitrogen. 
HUNTER, CIV. BI. — 19 
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a bottle of light wine.^ This alcohol was administered in small 
doses six times during the day. Professor Atwater's results may 
be summed up briefly as follows : — 

1. The alcohol administered was almost all oxidized in the body. 

2. The potential energy in the alcohol was transformed into heat 
or muscular work. 

3. The body did about as well with the rations including alco- 
hol as it did without it. 

The committee of fifty eminent men appointed to report on the 
physiological aspects of the drink problem reported that a large 
number of scientific men state that they are in the habit of taking 
alcoholic liquor in small quantities, and many report that they do 
not feel harm thereby. A number of scientists seem to agree 
that within limits alcohol may be a kind of food, although a very 
yooT food. 

On the other hand, we know that although alcohol may techni- 
cally be considered as a food, it is a very unsatisfactory food and, 
as the following statements show, it has an effect on the body 
tissues which foods do not have. 

Professor Chittenden of Yale College, in discussing the food 
problem of alcohol, writes as follows : " It is true that alcohol 
in moderate quantities may serve as a food, i.e. it can be oxidized 
with the liberation of heat. It may to some extent take the 
place of fat and carbohydrates, but it is not a perfect substitute 
for them, and for this reason alcohol has an action that can- 
not be ignored. It reduces liver oxidation. It therefore pre- 
sents a dangerous side wholly wanting in carbohydrates and fat. 
The latter are simply burned up to carbonic acid and water or are 
transformed to glycogen and fat, but alcohol, although more easily 
oxidized, is at all times liable to obstruct, in a measure at least, the 
oxidative processes of the liver and probably of other tissues also, 
thereby throwing into the circulation bodies, such as uric acid, 
which are harmful to health, a fact which at once tends to draw a 
distinct line of demarcation between alcohol and the two non- 

1 Alcoholic beverages contain the following proportions of alcohol : beer, from 
2 to 5 per cent ; wine, from 10 to 20 per cent ; liquors, from 30 to 70 per cent. Pat- 
ent medicines frequently contain as high as 60 per cent alcohol. (See page 294.) 
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nitrogenous foods, fat and carbohydrates. Another matter must 
be emphasized, and it is that the form in which alcohol is taken is 
of importance. Port wine, for instance, has more influence on the 
amount of uric acid secreted than an equivalent amount of alcohol 
has in some other form. To conclude : as an adjunct to the ordi- 
nary daily diet of the healthy man alcohol cannot be considered 
as playing the part of a true nonnitrogenous food." — Quoted in 
American Journal of Inebriety ^ Winter, 1906. 

Effect of Alcohol on Living Matter. — If we examine raw white 
of egg, we find a protein which closely resembles protoplasm in 
its chemical composition ; it is called albumen. Add to a little 
albumen in a test tube some 95 per cent alcohol and notice what 
happens. As soon as the alcohol touches the albumen the latter 
coagulates and becomes hard like boiled white of egg. Shake the 
alcohol with the albumen and the entire mass soon becomes a 
solid. This is because the alcohol draws the water out of the 
albumen. It has been shown that albumen is somewhat like 
protoplasm in structure and chemical composition. Strong al- 
cohol acts in a similar manner on living matter when it is ab- 
sorbed by the living body cells. It draws water from them and 
hardens them. It has a chemical and physical action upon living 
matter. 

Alcohol a Poison. — But alcohol is also in certain quantities a 
poison. A commonly accepted definition of a poison is that it is 
any substance xohichy when taken into the body, tends to cause 
serious detnment to healih, or the death of the organism. That 
alcohol may do this is well known by scientists. 

It is a matter of common knowledge that alcohol taken in small 
quantities does not do any apparent harm. But if we examine the 
vital records of life insurance companies, we find a large number of 
deaths directly due to alcohol and a still greater number due in 
part to its use. In the United States every year there are a third 
more deaths from alcoholism and cirrhosis of the liver (a disease 
directly caused by alcohol) than there are from typhoid fever. The 
poisonous effect is not found in small doses, but it ultimately shows 
its harmful effect. Hardening of the arteries, an old-age disease, 
is rapidly becoming in this country a disease of the middle aged. 
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From it there is no escape. It is chiefly caused by the cumulative 
effect of alcohol. The diagram following, compiled by two English 
life insurance companies that insure moderate drinkers and 



Companies 



100 EXPECTED DEATHS 



>l 



Sceptre 
Life Insurance 



MODERATE DRINKERS 



onvpami 

384^1909. 



1884 



ABSTAINERS 



52.9{ 



United Kingdom 
Temperanoe *^ 

GeneralProvideiit 

tnstitutton* 
1866-1909. 



MODERATE DRINKERS 



ABSTAINCRS 






Abstainers live longer than moderate drinkers. 

abstainers, shows the death rate to be considerably higher among 
those who use alcohol. 

Dr. Kellogg, the founder of the famous Battle Creek Sanitarium, 
points out that strychnine, quinine, and many other drugs are 
oxidized in the body but surely cannot be called foods. The 
following reasons for not considering alcohol a food are taken 
from his writings : — 

*M. A habitual user of alcohol has an intense craving for his 
accustomed dram. Without it he is entirely unfitted for business. 
One never experiences such an insane craving for bread, potatoes, 
or any other particular article of food. 

" 2. By continuous use the body acquires a tolerance for 
alcohol. That is, the amount which may be imbibed and the 
amount required to produce the charact<»ristic efifects first expe- 
rienced gradually increase until very great quantities are some- 
times required to satisfy the craving w^hich its habitual use often 
produces. This is never the case with true foods. . . . Alcohol 
behaves in this regard just as does opium or any other drug. It 
has no resemblance to a food. 
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" 3. When alcohol is withdrawn from a person who has been 
accustomed to \ta daily use, most distr^sing ejfects arc expe- 
rienced. . . . Who ever saw a man's hand trembling or his 
nervous system unstrung because he could not get a potato or a 
piece of cornbread for breakfast? In this respect, also, alcohol 
behaves like opium, cocaine, or any other enslaving drug. 

" 4. Alcohol lessens the appreciation and the value of brain and 
nerve activity, while food reenforces nervous and mental energy, 

" 5. Alcohol as a protoplasmic poison lessens muscular power, 
whereas food increases energy and endurance. 

" 6. Alcohol lessens the power to endure cold. This is true to 
such a marked degree that its use by persons accompanying Arctic 
expeditions is absolutely prohibited. Food, on the otlier hand, 
increases ability to endure cold. The temperature after taking 
food is rwsed. After taking alcoliol, the temperature, as shown by 
the thermometer, is lowered. 

" 7. Alcohol cannot be stored in the body for future use, whereas 
all food substances can l>e so stored. 

" 8. Food bums slowly in the body, as it is required to satisfy 
tliG body's needs. Alcohol is readily oxidized and eliminated, the 
same as any other oxidizable drug." 

The Ose of Tobacco. — A well-known authority defines a nar- 
cotic as a substance " which directly induces sleep, blunts the senses, 
and, in large amounts, produces complete 
insenxiinlity." Tobacco, opium, chloral, 
and cocaine are examples of narcotics. 
Tolmcco owes its narcotic influence to 
a strong poison known as nicotine. Its 
use in killing insect parasites on plants 
is well known. In experiments with 
jellyfish and other lowly organized 
animals, the author has found as small 
a per cent as one part of nicotine to Eipprimeot (by DaviBon) to 
one hundred thousand part. „t ». JS.i'i'.t^^SS S S 
water to l)C sufficient to profoundly this fish. The amokc from 

affect an animd placed within it. t j£";.;,",. "Xj 
The illustration here given shows the the fish is ■wimminc. 
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effect of nicotine upon a lish, one of the vertebrate animals. 
Nicotine in a pure form is so powerful a poison that two or three 
drops would be sufiBcient to cause the death of a man by its 
action upon the nervous system, especially the nerves controlling 
the beating of the heart. This action is well known among boys 
training for athletic contests. The heart is affected ; boys become 
" short-winded " as a result of the action on the heart. It has 
been (lemonstrattKl that tobacco has, too, an important effect on 
muscular development. The stunted appearance of the young 
smoker is well known. 

Use and Abuse of Drugs. — Ttie American [scoplc are addicted 
to the uwe of drug.s, and especially patent medicines. A glance at 




f nli'uhol ill some liquors atid in xiinu- patci 
u, beer, 5 :;■ : b. claret, 8 ■:;. ; s. champaKnp. H :i ; d. whinky, 50 % ; 
e. well-known saraapnrilla, IS'i; A 0- A, nmrh-a(lv..rtiw*l nerve tnoka, 
20 ',i, 21 ''/i, 25 rt ; '. auuthor much-uiivprtised Bantaparilla, 27 %; 
j, a well-known lonir. 2K '■; : k, I. hilXen. 37 Vl, 44 % aleohol. 

the street-car advertisements shows this. Most of the medicines 
advertised contain alcohol in greater quantity than beer or wine, 
and many of them have opium, morphine, or cocaine in their 
composition. Paregoric and laudanum, medicines sometimes given 
to young children, are examples of dangerous drugs that contain 
opium. Dr. George D. Haggard of Minneapolis has shown 
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by many analyses that a large number of the so-called " malts," 
** malt extracts," and *' tonics," including several of the best known 
and most advertised on the market, are simply disguised beers 
and, frequently, very poor beers at that. These drugs, in addition 
to being harmful, afifeet the person using them in such a manner 
that he soon feels the need for the drug. Thus the drug habit is 
formed, — a condition which has wrecked thousands of lives. A 
number of articles on patent medicines recently appeared in a 
leading magazine and have been collected and published under the 
title of The Great American Fraud. In this booklet the author 
points out a number of dififerent kinds of " cures " and patent 
medicines. The most dangerous are those headache or neuralgia 
(Hires containing acetanilid. This drug is a heart depresser and 
should not be used without medical advice. Another drug which 
is responsible for habit formation is cocaine. This is often found in 
catarrh or other cures. Alcohol is the basis of all tonics or 
*' bracers." Every lx)y and girl should read this booklet so as to 
be forearnKHl against (^vils of the sort just described. 
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XX. DIGESTION AND ABSORPTION 

Probletns. — To determine wliere digestion takes place by ex- 
amining : — 
(a) The functions of glands, 
(J)) The ivoj'k done in the mouth, 
(c) The ivorh done in the stomaeh. 
id) The work dofi£ in the small intestine, 
(e) The function of tJie Uuer. 
To discover the absorbing apparatus and how it is used. 

Laboratory Suggestions 

Demonstration of food tube of man (manikin). — Comparison with food 
tube of frog. Drawing (comparative) of food tube and digestive glands 
of frog and man. 

Demonstrnlion of simple gland. — (Microscopic preparation.) 

Home experiment and laboratory df.monstration. — The digestion of 
starch by saliva. Conditions favorable and unfavorable. 

Demonstration experiment. — The digestion of proteins with artificial 
gastric juice. Conditions favorable and unfavorable. 

Demonstration. — An emulsion as seen under the compound microscope. 

Demonstration. — Emulsification of fats with artificial pancreatic fluid. 
Digestion of starch and protein with artificial pancreatic fluid. 

Demonstration of "tripe" to show increase of surface of digestive tube. 

Laboratory or home exercise. — Make a table sho^^ing the changes pro- 
ducted uiK>n food substances by each digestive fluid, the reaction (acid or 
alkaline) of the fluid, when the fluid ac^ts, and what results from its action. 

Purpose of Digestion. — W(^ havo learned that starch and pro- 
tein food of plants are formed in the leaves. A plant, however, is 
unable to make use of the food in this condition. Before it can 
be transported from one part of the* plant body to another, it is 
changed into a soluble form. In this state it can be passed from 
cell to cell by the process of osmosis. Much the same condition 
exists in animals. In order that food may be of use to man, it must 
be changed into a state that will allow of its passage in a soluble 
form through the walls of the alimentary canal, or food tube. 
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Ttiia iw done by tlif onzymea which cause digestiun. It will Iw tins 
purpose of this chapter to discover where and how digestion takes 
place in our own body, 

Alimentuy Canal. — In all vertebrate animals, including 
man, food is taken in the mouth and passed through a. food tube 
in which it is digested. This tube is composed of different por- 
tions, named, respec- 
tively, as we pass from 
the mouth downward, 
the gullet, stomach, 
s»w// and large intes- 
tine, and rectum. 

Companson of Pood 
Tabe of a Frog and 
Man. — If we compare 
the food tube of a dis- 
sected frog with the 
food tube of man (as 
shown by a manikin or 
chart), we find part for 
part they are much the 
same. But we notice 
that the intestines of , 
man, both small and 
large, are relatively 
longer than in the frog. 
We also notice in man the body cavity or space in which the 
internal organs rest is divided in two parts by a wall of muscle, 
the diaphragm, which separates the heart and lungs from the 
other internal organs. In the frog no muscular diaphragm exists. 
In the frog we ran see plainly the silvery transparent meseTilery 
or double fold of the lining of the body cavity in which the oi^ans 
of digestion are sufpendeil. Numerous blood vessels can be found 
especially in the walls of the food tube. 

Glands. — In addition to the alimentary canal proper, we find a 
number of digestive glands, varying in size and position, connected 
with the canal. 




FROG MAN 

The digestive tract ol the ftog and mun. Gul. gullet : 
S, BtoniBch: L, liver: G, gall bladder; F. poncreaa; 
Sp, spleen ; SI. small inteBline ; LI, large io- 
teatine ; K. appendix ; ^, onua. 
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What a GUnd Does. Enzymes. — In man there are the Bidivs 
gland of the mouth, the gastric glands of the stomach, the pancreas 
and liver, the two latter connected with the small int«etine, and the 
intestinal glands in the walls of the intestine. Besides glands which 
aid in digestion there are several others of which we will speak 
later. As we have already learned, a gland is a collection of cells 
which takes up material 
food tube from within the body and 

iEiii*^^^ manufactures from it some- 
thing which is later poured 
out as a secretion. An 
example of a gland in plants 
is found in the nectar- 
secreting cells of a flower. 

Certain substances; 
called enzymes, formed by 
Rlands cause the digestion 
of food. The enzymes 
wcretetl by the cells of the 
glands and poured out into 
the food tube act upon 
insoluble foods so as to 
change them to a soluble 
form. They are the prod- 
uct of the activity of the 
cell, although they are not 
themselves alive. We do 
not know much about 
enzymes themselves, but 
we can observe what they 
do. Sonic cnzynies render soluble different foods, others work 
in the blood, Ktill others probably act within any cell of the body 
as an aid to oxi<lation, when work is done. Enzymes are very 
sensitive to changes in temperature and to the degree of acidity or 
alkaliniti/ ' of the material in which they act. We will find that 
the enzymes found in glands in the mouth will not act long in the 
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stomach because of the change from an alkaline surrounding in the 
mouth to that of an acid in the stomach. Enzymes seem to be 
able to work indefinitely, providing the surroundings are favorable. 
A small amount of digestive fluid, if it had long enough to work, 
could therefore digest an indefinite amount of food. 

Gland Structure. — The entire inner surface of the food tube 
is covered with a soft lining of mucous tnemhrane. This is always 
moist because certain cells, called mucus ceUsy empty out their 
contents into the food tube, thus lubricating its inner surface. 
When a large number of cells which have the power to secrete 
fluids are collected together, the surface of the food tube may l)e- 
come indented at this point to form a pitlike gland. Often such 
depressions are branched, thus giving a greater secreting surface, 
as is seen in the figure on page 298. Th(» cells of the gland are 
always supplied with blood vessels and nerves, for the secretions 
of the glands are under the control of the nervous system. 

How a Gland Secretes. — We must therefore imagine that as the 
blood goes to the cells of a gland it there loses some substances 
which the gland cells take out and make over into the particular 
enzyme that they are called upon to manufacture. Under certain 
conditions, such as the sight or smell of food, or even the desire 
for it, the activity of the gland is stimulated. It then pours out 
its secretion containing the digestive enzyme. Thus a gland does 
its work. 

Salivary Glands. — We are all familiar with the substance 
called saliva which acts as a lubricant in the mouth. Saliva is 
manufactured in the cells of three pairs of glands which empty 
into the mouth, and which are called, according to their position, 
the parotid (beside the ear), the submaxillary (under the jawbone), 
and the sublingual (under the tongue). 

Digestion of Starch. — If we collect some saliva in a test tube, 
add to it a little starch paste, place the tul>e containing the mixture 
for a few minutes in tepid water, and then test with Fehling's 
solution, we shall find grape sugar present. Careful tests of the 
starch paste and of the saliva made separately will usually show 
no grape sugar in either. 

If another test be made for grape sugar, in a test tube containing 
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starch paste, saliva, and a few 
drops of any weak acid, the starch 
will be found not to have changed. 
The digestion or chaise of starch 
to grape sugar is caused by the 
presence in the saliva of an enzyme, 
or diyestive ferment. You will re- 
meinl>er that starch in the grow- 
- ing corn grain was changed to 
_ grape sugar by an enzyme called 
. diastase. Here the same action is 
caused by an enzyme called ptyalin. 
^f This ferment acts only in an alka- 
of line medium at about the tempera- 
ture of the body. 



Mouth Cavity in Man. — 

In our study of a frog we 
find that the mouth ravity 
has two unpaired and four 
paireil tubes leading from 
it. These are (a) the gullet 
or food tube, (h) the whifl- 
pipf (in the frog opening 
through the uli'Kix). (c) the 
paired nostril holes (pw- 
tiriiir narm), {il) the paireil 
Kiisltwhiaii lubi'x, lending to 
the ear. All of these open- 
ings arc. foumi in man. 

In man the mouth cavity, 
and all internal surfaces ()f 
the fo(xl tul>e, are lined 
with a miicmtii membrane. ■ 
The muciis secreted from 
gland cells in this lining 
makes a slipiwry surface so 
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ip« r twth br, biHTal favity; U. Iowct 
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that the food may slip down easily. The roof of the mouth iu 
formed in front by a. plate of bone called the hard palate, and a 
softer continuation to the back of the mouth, the soft palate. These 
separate the nose cavity from that of the mouth proper. The part 
of the space back of the soft palate is called the pharynx, or throat 
cavity. From the pharynx lead off the g^illet and windpipe, 
the former back of the latter. The lower part of the mouth 
cavity is occupied by a muscular tongue. Examination of its 
surface with a l6okinK.^lass shows it to be almost covered in places 
by tiny projections called papHUs. These papillEe contain organs 
known as taste buds, the sensory endings of which determine the 
taste of substances. The tongue is used in moving food about in 
the mouth, and in 
starting it on its way 
to the gullet ; it also 
plays an important 
part in speaking. 

The Teeth. — In 
man the teeth, unlike 
those of the frog, are 
used in the mechanical 
preparation of the food 
for digestion. Instead I/A 
of holding prey, they — 
crush, grind, or tear 
food HO that more sur- 
face may be given for 
the action of the diges- 
tive fluids. The teeth 
of man are divided, ac- 
cording to their func- 
tions, ink) four groups. 
In the center of both the upper and lower jaw in front are found 
eight teeth with chisel-like edges, four in each jaw; these are 
the incisors, or cutting teeth. Next is found a single tooth on 
each side (four in all) ; these have rather sharp points and are 
called the canines. Then come two teeth on each side, eight in 




r. Teeth of tbn upprr jaw. Ironi belov. I. S, iu- 
cisors; S, r>njn»; 4,S, pt«inolBni; 8, 7. 8. molars. 
II. loDgitudinal aection ol & tooth. E, enunpl : 
D. dentine ; C. cement ; P. pulp cavity. 
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all, called premolars. Lastly, the flatntop molarSy or grinding teeth, 
of which there are six in each jaw. Food is caught between 
irregular projections on the surface of the molars and crushed 
to a pulpy mass. 

Hygiene of the Mouth. — Food should simply be chewed and rel- 
ished, with no thought of swallowing. There should be no more ef- 
fort to prevent than to force swallowing. It will be found that if you 
attend only to the agreeable task of extracting the flavors of your 
food, Nature will take care of the swallowing, and this will become, 
like breathing, involuntary. The instinct by which most people 
eat is perverted through the ** hurry habit " and the use of abnor- 
mal foods. Thorough mastication takes time, and therefore one 
must not feel hurried at meals if the best results are to be secured. 
The stopping point for ejiting should be at the earliest moment after 
one is really satisfied. 

Care of the Teeth. — It has been recently found that fruit acids 
are very beneficial to the teeth. Vinegar diluted to about half 
strength with water makes an excellent dental wash. Clean your 
teeth carefully each morning and before going to bed. Use dental 
silk after meals. We must remember that the bacteria which 
cause (l(»cay of the teeth are washed down into the stomach and 
may do even more harm there than in the mouth. 

How Food is Swallowed. — After food has been chewed and 
mixed with saliva, it is rolled into little balls and pushed by the 
tongue into such position that the muscles of the throat cavity 
may seize* it and force it dowmvard. Food, in order to reach the 
gullet from thc^ mouth cavity, must pass over the opening into 
the windpipe. When food is in the course of being swallowed, 
the upper ])art of this tube forms a trapdoor over the opening. 
When this trapdoor is not closed, and food " goes down the wrong 
way," we chok(% and the food is expelled by coughing. 

The Gullet, or Esophagus. — Like the rest of the food tube 
the gullet is lined by soft and moist mucous membrane. The 
wall is made up of two sets of muscles, — the inside ones running 
around the tube ; the outer hiycT of muscle taking a longitudinal 
course. After food leaves the mouth cavity, it gets beyond our 
direct eontrol, and the muscles of the gullet, stimulated to activity 
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Peristaltic waves on the gullet of man. 
(A bolus means little ball.) 



by the presence of food in the tube, push the food down to the 
stomach by a series of contractions until it reaches the stomach. 
These wavelike movements (called perisUiUic movements) are 
characteristic of other parts of the food tube, food being pushed 
along in the stomach and 
the small intestine by a 
series of slow-moving mus- 
cular waves. Peristaltic 
movement is caused by 
muscles which are not 
under voluntary nervous 
control, although anger, fear, or other unpleasant emotions have 
the effect of slowing them up or even stopping them entirely. 

Stomach of Man. — The stomach is a pear-shaped organ 
capable of holding about three pints. The end opposite to the 
gullet, which empties into the small intestine, is provided with a 
ring of muscle forming a valve called the pylorus. There is also 
another ring of muscle guarding the entrance to the stomach. 

Gastric Glands. — If we open the stomach of the frog, and 
remove its contents by carefully washing, its wall is seen to be 
thrown into folds internally. Between the folds in the stomach of 
man, as well as in the frog, are located a number of tiny pits. 
These form the mouths of the gastric glands^ which pour into the 
stomach a secretion known as the gastric juice. The gastric glands 
are little tubes, the lining of which secretes the fluid. When we 
think of or see appetizing food, this secretion is given out in con- 
siderable quantity. The stomach, like the mouth, ** waters " 
at the sight of food. Gastric juice is slightly acid in its chemical 
reaction, containing about .2 per cent free hydrochloric acid. It also 
contains two very important enzymes, one called pepsin, and an- 
other less important one called rennin. 

Action of Gastric Juice. — If protein is treated with artificial 
gastric juice at the temperature of the body, it will be found to 
become swollen and then gradually to change to a substance 
which is soluble in water. This is like the action of the gastric 
juice upon proteins in the stomach. 

The other enzyme of gastric juice, called rennin, curdles or coag- 
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ulat«3 a protein found in milk; after the milk is curdled, the 
pepsin ia able to act upon it. "Junket" tablets, which contam 

rennin, are used in the kitchen to cause this 

change. 

The hydrochloric acid found in the gastric 
juice acts upon lime and some other siUts 
taken into the stomach with food, chan^ng 
them so that they may pass into the blood 
and eventually form the mineral part of bone 
or other tissue. The acid also has a decided 
antiseptic influence in preventing growth of 
bacteria which cause decay, and some of which 
might cause disease. 

HoT«m«nt of Walls of Stomach. — The stomach 
walls, iirovidcd with three layers of muscle which 
run in an oblique, circular, and longitudiiial direc- 
tion (taken from the inside outward), are well 
litted for the constant churning of the food in 
A peptic riaiid. from the that ot^n. Here, as elsewhere in the digestive 
niaitnifieri. .-1. iHinrul tnict, tlic itiuaclos Rfo involuntary, muscular action 
or rhicf iH'll, whi.'li being under the control of the so-called sympaUutie 
TnBkfKjippHiii: ff, Ixir- „gr(W)(s suxtem. Fond material in the stomach 
der «>Uh. whii'h niukit , , , . . , . , 

acid. (Fruiii Miliars niakcs several complete circuits durmg the process 
HutolnoH.) of digestion in tliat organ. Contrary to common 

holier, the greatest amount of food is digested 
after it leaves the stomach. But this organ keeps the food in it in 
ahnost coiiBlatit motion for a eonsideralile time, a meal of meat and 
vegetables remaining in the stomach for three or four hours. While 
movement is taking place, the gastric juice acts u|>on proteins, softening 
them, while the constant churning movement tends to separate the bit* 
of food into finirr particles. I'ltimately the semifluid food, much of it still 
undigested, i.s allowed to t>ass in small amounts through the pyloric valve, 
into the small intestine. Thi.s is allowe<l by the relaxation of the riogUke 
muscles of the pylorus. 

Experiments on Digestion in the Stomach. — Some very int«r- 
(isting experiments have recently Ix-en mjido by Professor Cannon 
of Harvard with reference to movements of the stomach contents. 
Cats w<('r£> fed with material having in it bismuth, a harmless 
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chemical that would be visible under the X-ray. It was found 
that shortly after food reached the stomach a series of waves began 
which sent the food toward the pyloric end of the stomach. If 
the cat was feeling happy and well, these contractions continued 
regularly, but if the cat was cross or bad tempered, the movements 
would stop. This shows the importance of cheerfulness at meals. 
Other experiments showed that food which was churned into a 
soft mass was only permitted to leave the stomach when it became 
thoroughly permeated by the gastric juice. It is the acid in 
the partly digested food that causes the stomach valve to open and 
allow its contents to escape little by little into the small intestine. 

The partly digested food in the small intestine almost imme- 
diately comes in contact with fluids from two glands, the liver and 
pancreas. We shall first consider the function of the pancreas. 

Position and Structure of the Pancreas. — The most important 
digestive gland in the human body is the pancreas. The gland 
is a rather diffuse structure ; its duct empties by a common opening 
with the bile duct into the small intestine, a short distance below 
the pylorus. In internal structure, the pancreas resembles the 
salivary glands. 

Work done by the Pancreas. — Starch paste added to artificial 
pancreatic fluid and kept at blood heat is soon changed to sugar. 
Protein, under the same conditions, is changed to a peptone. 
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Fats, which so far have been unchanged except to be melted by the 
heat of the body, are changed by the action of the pancreas into 
a form which can pass through the walls of the food tube. If we 
test pancreatic fluid, we find it strongly alkaline in its reaction. 
If two test tubes, one containing olive oil and water, the other 
olive oil and a weak solution of caustic soda, an alkali, be shaken 
violently and then allowed to stand, the oil and water will quickly 
separate, while the oil, caustic soda, and water will remain for 
some time in a milky emuMon, If this emulsion be examined 
under the microscope, it will be found to be made of millions of 
little droplets of fat, floating in the liquid. The presence of the 
caustic soda helped the forming of the emulsion. Pancreatic 
fluid similarly emulsifies fats and changes them into soft soaps and 
fatty acids. Fat in this form may be absorbed. The process of 
this transformation is not well understood. 

Conditions under which the Pancreas does its Work. — The 
secretion from this gland seems to be influenced by the overflow of 
acid material from the stomach. This acid, on striking the lining 
of the small intestine, causes the formation in its walls of a sub- 
stance known as secretin. This secretin reaches the blood and 
seems to stimulate all the glands pouring fluid into the intestine 
to do more work. A pint or more of pancreatic fluid is secreted 
every day. 

The Intestinal Fluid. — Three diflforent pancreatic enzymes do 
the work of digestion, one actting on starch, another on protein, and 
a third on fats. It has l>eon found that some of these enzymes will 
not do their work unless aided by the intestinal fluid, a secretion 
formed in glands in the walls of the small intestine. This fluid, 
though not much is known about it, is believed to play an important 
part in the digestion of all kinds of foods left undigested in the 
small intestine. 

Liver. — The liver is the largest gland in the body. In man, it 
hangs just below the diaphragm, a little to the right side of the 
body. During life, its color is deep red. It is divided into three 
lobes, between two of which is found the gall bladdery a thin-walled 
sac which holds the Wfe, a secretion of the liver. Bile is a strongly 
alkaline fluid of greenish color. It reaches the intestine through 
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the same opeaing as the pancre&tic fluid. Almost one quart of 
bile is passed daily into the digestive canal. The color of bile is 
due to certain waste substances which come from the destruction 
of worn-out red corpuscles of the blood. This destruction takes 
place in the liver. 

Functions of Bile — The action of bile is not very well known 
It has the vtry important faculty of aiding the pancreatic fluid in 
digestion, though alone it 
has slight if anv digestive 
power. Certam substances 
in the bile aid especially in 
the al)s<>rption of fats 
Bile seems to be mostly a 
waste product from the 
blood and as such mti- 
dentally senes to keep the 
contents of the intestine in 
a more or less soft condi- 
tion, thus pie\enting ex- 
treme con.-st)pation 

The Liver a Storehouse 
— Perhaps the most impor- 
tant function of the liver is 
the formation within it of a 
material called glijcogen, or Diagram of « 
animal starch The h^e^ 
is supplied by blood from 
two sources The greatir 
amount of blood received 
by the liver comes directly 

from the walls of the stomach and intestine to thit> oi^an It 
normally contains about one fifth of all the blood in the body 
This blood is very nch in food materials, and from it the cells of 
the liver take out sugars to form glycogen.' Glycogen is stored 
in the liver until such a time as a food is needed that can be quickly 
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oxidized ; then it is changed to sugar and carried off by the l)lood 
to the tissue which requires it, and there used for this purpose. 
Glycogen is also stored in the muscles, where it is oxidized to release 
energy when the muscles are exercised. 

The Absorption of Digested Food into the Blood. — The object 
of digestion is to change foods from an insoluble to a soluble form. 
This has been seen in the study of the action of the various diges- 
tive fluids in the body, each of which is seen to aid in dissolving 
solid foods, changing them to a fluid, and, in case of the bile, 
actually assisting them to pass through the wall of the intestine. 
A small amoimt of tligested food may be absorbed by the blood 
in th(» blood vessels of the walls of the stomach. Most of the 
absorption, however, takes place through the walls of the small 
intestine. 

Structure of the Small Intestine. — The stuall intestine in man is a 
slender tube nearly twenty feet in length and about one inch in diameter. 
If the cliief function of the small intestine is that of absorption, we must 
look for ada])tations which increase? the absorbing surface of the tube. 
This is gained in part by the inner surface of the tube being thrown into 
transverse folds which not only retard the rapidity with which food passes 
down the intestine, but also giv(^ more absorbing surface. But far more 
important for abson^tion are millions of little projections which cover the 
inner surface of the small intestine. 

The Villi. — So mmierous are these projections that the whole 
surfa(^e presents a velv(»ty appearance. Collectively, these struc- 
tures an^ calh^d the villi (singular villus). They form the chief 
organs of absorption in the intestine, several thousand being 
distributed over ev(^ry square inch of surface. By means of the 
folds and villi th(^ small intestine is estimated to have an absorb- 
ing surface ecpial to twice that of the surface of the body. Between 
the villi are found the openings of the intestinal glands. 

Internal Structure of a Villus. — The internal structure of a 
villus is best seen in a longitudinal section. We find the outer 
wall made up of a thin layer of cells, the epithelial layer. It is 
the duty of these cells to absorb the semifluid food from within the 
intestine. Underneath thes(» cells lies a network of very tiny blood 
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vessels, while inside of these, occupying the core of the villus, are 
found spaces which, because of their white appearance after 
absorption of fats, have been called ladeals. (See figure, page 207.) 
Absorption of Foods. — Let us now attempt to find out- exactly 
how foods arc passed from the intestines into the blood. Foocl 
sulwtances in solution may be soaked up a.i a sponge would take up 
water, or they may pass by osmosis into the cells lining the villus. 
These cells break down the peptones into 
a sub.stance that \ri\i pass into and be- 
come part of the blood. Once within the 
villus, the sugars and digested proteins 
pass through tiny blood vessels into the 
larger vessels comprising the portal cir- 
culation. These pass through the liver, 
where, as we have seen, sugar is taken 
from the blood and stored as glycogen. 
From the liver, the food witliin the blood 
is sent to the heart, from there is pumped 
to the lungs, from there returns to the 
heart, and Is pumped to the tissues of the 
body. A large amount of water and 
some salts are also absorbed through the ( 
walls of the stomach ami intestine as the ' 
food passes on its course. The fats in 
the form of soaps and fatty acids pass 
into the spjice in the center of the villus. 
Later they are changed into fat« again, 
probably in certain groups of gland cells 
known as mesenteric glands, and eventually reach the blood by 
way of the thoracic duct mtJwut passing through the liver. 

Large Intestine. — The large intestine has somewhat the same struc- 
ture as the email intestine, except that it lacks the \'illi and has a greater 
diameter. Considerable absorption, however, takes place through lis 
walls as the mass of food and refuse material is slowly pushed along by 
the muscles within its walls. 

Vermiform Appendix. — At the point where the small intestine widens 
to form the lai^ intestine, a baj^ike pouch is formed. From one side of 
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this pouch is given off a small tube about four inches long, closed at the 
lower end. This tube, the rudiment of what is an important part of the 
food tube in the lower vertebrates, is called the vermiform appendix- It 
has come to have unpleasant notoriety in late years, as the site of serious 
inflammation. 

Constipation. — In the large intestine live niillions of bacteria, 
some of which make and give off poisonous substances known 
as toxins. These substances are easily absorbed through the 
walls of the large intestine, and, when they pass into the blood, 
cause headaches or sometimes serious trouble. Hence it follows 
that the lower bowel should be emptied of this matter as fre- 
quently as possible, at least once a day. Constipation is one of 
the most serious evils the American people have to deal with, and 
it is largely brought about by the artificial life which we lead, with 
its lack of exercise, fresh air, and sleep. Fruit with meals, espe- 
cially at breakfast, plenty of water between meals and before 
breakfast, exercise, particularly of the abdominal muscles, and 
regular habits will all help to correct this evil. 

Hygienic Habits of Eating ; the Causes and Prevention of Dys- 
pepsia. — From the contents of the foregoing chapter it is evident 
that the object of the process of digestion is to break up solid food 
so that it may be absorbed to form part of the blood. Any habits 
we may form of thoroughly chewing our food will evidently aid 
in this process. Undoubtedly much of the distress known as 
dyspepsia is due to too hasty meals with consequent lack of proper 
mastication of food. The message of Mr. Horace Fletcher in 
bringing before us the need of proper mastication of food and the 
attendant evils of overeating is one which we cannot afford to 
ignore. It is a good rule to go away from the table feeling a little 
hungry. Eating too much overtaxes the digestive organs and pre- 
vents their w^orking to the best advantage. Still another cause of 
dyspepsia is eating when in a fatigued condition. It is always a good 
plan to rest a short time before eating, especially after any hard man- 
ual work. We have seen how great a part unpleasant emotions play 
in preventing peristaltic movements of the food tube. Conversely, 
pleasant conversation, laughter, and fun will help you to digest your 
meal. Eating between meals is condemned by physicians because 



DIGESTION AND ABSORPTION 



311 



it calls the blood to the digestive organs at a tune when it should be 
more active in other parts of the body. 

Effect of Alcohol on Digestion. — It is a well-known fact that 
alcohol extracts water from tissues with which it is in contact. 
This fact works much harm to the interior surface of the food tube, 
especially the walls of the stomach, which in the case of a hard 
drinker are likely to become irritated and much toughened. In 
very small amounts alcohol stimulates the secretion of the sali- 
vary and gastric glands, and thus appears to aid in digestion. 

The following results of experiments on dogs, published in the 
American Journal of Physiology, Vol. I, Professor Chittenden of 
Yale University gives as " strictly comparable,*' l)ecause ** they 
were carried out in succession on the same day.'* They show 
that alcohol retards rather than aids in digestion : — 



Number 


or Experiment 


•^0 Lb- Meat with Water 


^a Lb. Meat with Dilute 
Alcohol 


XVII 


a 9: 15 A.M. 


Digested in 3 hours 




XVII 


/3 3:00 P.M. 




Digested in 3 : 15 hours 


XVIII 


a 8:30 a.m. 


Digested in 2 : 30 hours 




XVIII 


/3 2: 10 P.M. 




Digested in 3 : 00 hours 


XIX 


a 9:00 A.M. 


Digested in 2 : 30 hours 




XIX 


/^ 2 : 30 P.M. 




Digested in 3 : 00 hours 


XX 


a 9: 15 A.M. 




Digested in 2 : 45 hours 


XX 


^ 2 : 30 P.M. 


Digested in 2 : 15 hours 




VI 


a 9: 15 A.M. 




Digested in 3 : 45 hours 


VI 


jtf 1 : 00 P.M. 


Digested in 3 : 15 hours 






Average 


2 : 42 hours 


3 : 09 hours 



As a result of his experiments, Professor Chittenden remarks: 
" We believe that the results obtained justify the conclusion that 
gastric digestion as a whole is not materially modified by the 
introduction of alcoholic fluids with the food. In other words, 
the unquestionable acceleration of gastric secretion which follows 
the ingestion of alcoholic beverages is, as a rule, counterbalanced 
by the inhibitory effect of the alcoholic fluids upon the chemical 
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process of gastric digestion, with perhaps at times a tendency 
towards preponderance of inhibitory action." Others have come 
to the same or stronger conclusions as to the undesirable action 
of alcohol on digestion, as a result of their own experiments. 

Effect of Alcohol on the Liver. — The effect of heavy drinking 
upon the liver is graphically shown in the following table prepared 
by the Scientific Temperance Federation of Boston, Mass. : — 




Proportion of deaths from disease in a certain area due to alcohol. The black 

area shows deaths due to alcohol.^ 



" Alcoholic indulgence stands almost if not altogether in the 
front rank of the enemies to he combated in the battle for health." 
— Professok William T. Sedgwick. 

* Does not include deaths from general alcoholic paralysis or other organic 
diseases due to alcohol. Liver cirrhosis due to alcohol conservatively estimated 
at 75 per cent of total cases. 



XXL THE BLOOD AND ITS CIRCULATION 

Brohletns* — To discover tJie compositwn and icses of tlie dif- 
ferent parts of tJie blood. 

To find out the means by which tJie blood is circulated 
about tJie body. 

Laboratory Suggestions 

Demonstration. — Structure of blood, fresh frog's blood and huiuau 
blood. Drawings. 

Demonstration. — Clotting of blood. 

Demonstration. — Use of models to demonstrate that the heart is a fon;e 
pump. 

Demonstration. — Capillary circulation in web of frog's foot or tadpole's 
tail. Drawing. 

Hom^ or laboratory exercise. — On relation of exercise on rate of heart 
beat. 

Function of the Blood. — The chief function of the digestive 
tract is to change foods to such form that they can be absorbed 
through the walls of the food tube and become part of the blood.* 

If we examine under the microscope a drop of blood taken from 
the frog or man, we find it made up of a fluid called plasma and two 
kinds of bodies, the so-called red corpuscles and colorless corpuscles, 
floating in this plasma. 

Composition of Plasma. — The plasma of blood is found to be 
largely (about 90 per cent) water. It also contains a considerable 
amount of protein, some sugar, fat, and mineral material. It is, 
then, the medium which holds the fluid food that has been al> 
sorbed from within the intestine. This food is pumped to the body 
cells where, as work is performed, oxidation takes place and heat 
is given off as a form of energy. The almost constant temperature 

* This change is due to the action of certain enaymes upon the nutrients in va- 
rious foods. But we also find that peptones are changed bark again to proteins when 
once in the blood. This appears to he due to the reversible action of the ensymcs 
acting upon them. (See page 307.) 
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of the body is also due to the blood, which brings to the surface of 
the body much of the heat given off by oxidation of food in the 

muscles and other tissues. When 
the blood returns from the tissues 
where the food is oxidized, the 
plasma brings back with it to the 
S^^^^^ # ^gjw..^ lungs part of the carbon dioxide 
M^^^|{g^^ ^^Sf'^^ liberated where oxidation has taken 
|J^J|PT^M^^ place. Some waste products, to be 

n^^mJPl^ ^^^ ^SiilL spoken of later, are also found in 



Hunmn blood uh Hcen under the 
high power of the compound 
microscope : ut the extreme 
right is a colorless corpuscle. 



the plasma. 

The Red Blood Corpuscle ; its 
Structure and Functions. — The 
red corpuscle in the blood of the 
frog is a true cell of disklike form, containing a nucleus. The red 
corpuscle of man is made in the red marrow of bones and in 
its young stages has a nucleus. In its adult form, however, 
it lacks a nucleus. Its form is that of a biconcave disk. So 
small and so numerous are these corpuscles that over five 
million are found in a cubic centimeter of normal blood. They 
make up almost one half the total volume of the blood. The 
color, which is found to be a dirty yellow when separate cor- 
puscles Arc viewed under the microscope, is due to a protein 
material called hcemoglobin. Haemoglobin contains a large amount 
of iron. It has the power of uniting very readily with oxygen 
whenever that gas is abundant, and, after having absorbed it, 
of giving it up to the surrounding media, when oxygen is there 
present in smaller amounts than in the corpuscle. This function 
of carrying oxygen is the most important function of the red 
corpuscle, although the red corpuscle also removes part of the 
carbon dioxide from the tissues on their return to the lungs. The 
taking up of oxygen is accompanied by a change in color of the 
mass of corpuscles from a dull red to a bright scarlet. 

Clotting of Blood. — If fresh beef blood is allowed to stand overnight, 
it will be found to have separated into two parts, a dark red, almost solid 
clot and a thin, straw-colored liquid called serum. Serum is found to 
\}e made u]) of about 90 per cent water, 8 per cent protein, 1 per cent 
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other organic foods, and 1 per cent mineral substances. In tbeae 
respects it very closely resembleB the fluid food that is absorbed from 
the intestines. 

If another jar of fresh beef blood is poured into a pan and briskly 
whipped with a bundle of little rods (or with an egg beater), a stringy sub- 
stance will be found to stick to the rods. This, if washed carefully, is 
seen to be almost coloriess. Tested with nitric add and ammonia, it is 
found to contain a protein substance which is called fibrin. 

Blood plasma, then, is made up of a fluid portion of serum, and 
fibrin, which, although in a fluid state in the blood vrasels within 
the body, coagulates when blood is removed from the blood vessels. 
This coagulation aids in making a blood clot. A clot is simply a 
mass of fibrin threads with a lai^e number of corpuscles tattled 
within. The clotting of blood is of great physiological importance, 
for otherwise we might bleed to death even from a small wound. 

Blood Plates. — In blood within the circulatory system of the 
body, the fibrin is held in a fluid state called fibrinogen. An 
enzyme, acting upon this fibrinogen, the soluble protein in the 
blood, causes it to chaise to an insoluble form, the fibrin of the 
clot. This change seems to bo due to the action of minute bodies 
in the blood known as hhod 
plates. Under abnormal 
conditions these blood 
plates break down, releas- 
ing some suljstanoes which ^ 
eventually cause this en- 
zyme to do its work. 

The Colorless Corpuscle ; 
Structure and Functions. — 
A colorless corpuscle is a . „ . ,,,>.,• 

„ , , . ,- ,1 * small artery (A) breaking up into oapdlaneB 

cell irregular m OUtime, the <e) which unite U> form a vein (F), Note 




shape of which is constantly f ''I' "7""' colorlPBs eorpuaci™, which a 

•^ "^ fiihtlnir liwliMnfl. Ht th»t nnint. 

changing. These corpuscles 
arc somewhat larger than the red corpuscles, but less numerous, 
there being about one colorless corpuscle to every three hundred 
red ones. They have the power of movement, for they are found 
not only inside but outside the blood vessels, showing that they 
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A 0/>-i3 
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have worked their way between the cells that form the walls of 
the blood tubes. 

A Russian zoologist, Metchnikoff, after studying a number of 
simple animals, such as medusae and sponges, found that in such 
animals some of the cells lining the inside of the food cavity take 
up or engulf minute bits of food. Later, this food is changed into 
the protoplasm of the cell. Metchnikoff believed that the colorless 
corpuscles of the blood have somewhat the same function. This 

he later proved to be true. Like the 
amoeba, they feed by engulfing their 
prey. This fact has a very important 
bearing on the relation of colorless cor- 
puscles to certain diseases caused by 
bacteria within the body. If, for ex- 
ample, a cut becomes infected by bac- 
teria, inflammation may set in. Color- 
less corpuscles at once surround the 
spot and attack the bacteria which 
cause the inflammation. If the bac- 
teria are few in number, they are quickly 
eaten by certain of the colorless cor- 
puscles, which are known as phagocytes. 
If bacteria are present in great quan- 
tities, they may prevail and kill the 
A roicri.ss <orr)u.soi. <atohinK p^agocytes bv poisoning them. The 

:ui<l eating Korni.s. i irt j ., t r> 

dead bodies of the phagocytes thus 
kill(*d are found in the pus, or matter, which accumulates in 
infect(»d wounds. In such an event, we must come to the aid of 
nature by washing the wound with some antiseptic, as weak 
carbolic acid or hydrogen peroxide. 

Antibodies and their Uses. — In case of disease where, for 
example, fever is (caused by poison given off from bacteria we find 
the cells of the body manufacture and pour into the blood a 
substance known tis an antibody. This substance does not of 
necessity kill the harmful germs or even stop their growth. It 
does, however, unite with the toxin or poison given off by the 
germs and renders it entirely harmless. 
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Function of Lymph. — The tissues and organs of the body- 
are traversed by a network of tubes which carry the blood. Inside 
these tubes is the blood proper, consisting of a fluid plasma, the 
colorless corpuscles, and the red corpuscles. Outside the blood 
tubes, in spaces between the cells which form tissues, is found 
another fluid, which is in chemical composition very much like 
plasma of the blood. This is the lymph. It is, in fact, fluid food 
in which some colorless amoeboid corpuscles are found. Blood 
gives up its food material to the lymph. This it does by passing it 
through the walls of the 
capillaries. The food is in 
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turn given up to the tissue BIMD^ 
cells, which are bathed by lfe$£^S? 
the lymph. 

Some of the amoeboid 
corpuscles from the blood 
make their way between 
the cells forming the walls 
of the capillaries. Lymphj 
then, is pradicaUy blood 
plasma plus some colorless 
corpuscles. It acts as the 
medium of exchange between 
the blood proper and the cells 
in the tissues of the body. 
By means of the food sup- 

" ^ o » The exchange between blood and the cells of 

of the body are able to grow, the body. 

the fluid food being changed 

to the protoplasm, of the cells. By means of the oxygen passed 

over by the lymph, oxidation may take place within the cells. 

Lymph not only gives food to the cells of the body, but also takes 

away carbon dioxide and other waste materials, which are ultimately 

passed out of the body by means of the lungs, skin, and kidneys. 

Internal Secretions. — In addition to all the functions given 
above, the blood has recently been shown to carry the secretions of 
a number of glands through which it passes, although these glands 
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have no ducts to carry ofif their secretions. These internal secre- 
tions seem absolutely necessary for the health of the body. 
Several glands, the thyroid, adrenal bodies, the testes, and ovaries, 
as well as the pancreas, give ofif these remarkable substances. 

The Amount of Blood and its Distribution. — Blood forms, by weight, 
about one sixteenth of the body. This would be about four quarts to a 
body weight of 130 pounds; Nomially, about one half of the blood of 
the body is found in or near the organs lying in the body cavity below 
the diaphragm, about one fourth in the muscles, and the rest in the 
head, heart, lungs, large arteries, and veins. 

Blood Temperature. — The temperature of blood in the human body 
is normally about 98.6° Fahrenheit when tested under the tongue by a 
thermometer, although the temperature drops almost two degrees after 
we have gone to sleep at night. It is highest about 5 p.m. and lowest 
about 4 A.M. In fevers, the temperature of the body sometimes rises to 
107° ; but unless this temperature is soon reduced, death follows. Any 
considerable drop in temperature below the normal also means death. 
Body heat results from the oxidation of food, and the circulation of blood 
keeps the temperature nearly uniform in all parts of the body. 

Cold-blooded Animals. — In annuals which are called cold-blooded, 
the blood has no fixed temperature, but varies with the temperature of 
the medium in which the animal lives. Frogs, in the sununer, may sit 
for hours in water with a temperature of almost 100°. In winter, they 
often endure freezing so tliat the blood and lymph within the spaces 
under the loose skin are frozen into ice crystals. This change in body 
temperature is evidently an adaptation to the mode of hfe. 

Circulation of the Blood in Man. — The blood is the carrying 
agent of th(» body. Like ix railrojid or (»xpress (company, it takes 
materials from one part of the human organism to another. This 
it does by m(\ins of the organs of circulation, — the heart and 
blood vessels. These !)lood vessels are called arteries where they 
carry blood away from the heart, veins where they bring blood back 
to the heart, and capilhries where they connect the larger blood 
vessels. The organs of circulation thus form a system of con- 
nected tubes through which the blood flows. 

The Heart ; Position, Size, Protection. — The heart is a cone- 
shaped muscular organ about the size of a man's fist. It is 
located immc^liately above the diaphragm, and lies so that the 
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muscular apex, which points downward, moves while beatit^ 
agMnst the fifth and sixth ribs, just a little to the left of the 
midliae of the body. This fact gives rise to the notion that the 
heart is on the left ade of the body. The heart is surrounded 
by a loose membranous bag called the pericardinm, the inner 
lining of which secretes a fluid in 
which the heart lies. When, for any 
reason, the pericardial fluid is not 
secreted, inflammation arises in that 
region. 

Internal Structure of Heart. — If 
we should cut open the heart of a 
mammal down the midline, we could 
divide it into a right and a left side, 
each oj which would have no internal 
connection with the other. Each side 
is made up of an upper thin-walled 
portion with a rather large internal 
cavity, the auricle, which opens into Diagm 
a lower smaller portion with heavy 
muscular walls, the ventricle. Com- 
munication between auricles and 
ventricles is guarded by little flaps 
or valves. The auricles receive blood 
from the veins. The ventricles pump 
the blood into the art<^ries. 

The Heart in Action. — The heart is conntructtKl on the same 
plan as a force pump, the valves preventing the reflux of blood into 
the auricle when it is forced out of the ventricle. Blood enters 
the auricles from the veins because the muscles of that part of 
the heart relax ; this allows the space within the auricles to fill. 
Almost immediately the muscles of the ventricles relax, thus allow- 
ing blood to pass into the chambers within the ventricles. Then, 
after a short pause, during which time the muscles of the heart are 
resting, a wave of muscular contraction begins in the auricles and 
ends in the ventricles, with a sudden strong contraction which 
forces the blood out into the arteries. Blood is kept on its course 



K the front half of 
the hRart cut away: a. aurta: 
J, nrlericB to the lunga; ia, left 
auricle: /i, left ventricle: m. tri- 
cuapiil valve open; n, bicuspid 
or mitral volvo closed ; p and r, 
vnns from the lunKa: nt. right 
uuricle: m, right ventricle; 
r, vena euva. ArrowH nhow di- 
m'tion of circulation. 
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by the valves, which act in the same manner as do the valves in a 
pump. The blood is thus made to pass into the arteries upon 
... the contraction of the 

lUU-c-c^ X ^ ^.j^^ .^ — ^ ventricle walls. 

The Course of the 
Blood in the Body. — 
Although the two sides 
of the heart are separate 
and distinct from each 
other, yet every drop 
of blood that passes 
through the right heart 
likewise passes later 
through the left heart. 
There are two distinct 
systems of circulation 
in the body. The pul- 
monary circulation takes 
the blood through the 
right auricle and ven- 
tricle, to the lungs, and passes it back to the left auricle. This 
is a relativity short circulation, the blood receiving in the lungs 
its supply of oxygen, and tliere giving up some of its carbon 
dioxi(l(\ Th(» greattT circnilation is known as the systemic circu- 
Intion: in this system, tlio blood leaves the left ventricle through 
th(» grt^at dorsal aorta. A large part of the blood passes directly 
to th(» muscles ; some of it goes to the UiTvous system, kidneys, 
skin, and other organs of the body. It gives up its supply ©f 
food and oxygen in th(»s(» tissues, receives the waste products of 
oxidation while pavssing through the capillaries, and returns to 





The hriirt is a force pump ; prove it from these 

diiigrains. 



I. Circulation in a fish. G, gills; C, capillaries of the lx)dy. Notice the two- 

ehaml)ereti heart. 

II. Th(5 circulation in a frog. L. the lungs; C, the capillaries. Notice the heart 
has three chaml)ers. What is the condition of blood leaving the ventricle to 
go to the cells of the body ? 

III. The circulation in man. //. head ; -4, arms; L, lungs; »S', stomach; Li, liver; 
A', kidney: »S,/., small intestine; L.I., larger intestine; Le, legs; /, right 
atiricle ; -Ji, right ventricle ; S, left ventricle ; >^, left auricle ; 5, dorsal aorta; (5, 
vein to lungs. 
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the right auricle through two lai^e vessels known as the vena 
cava. It requires only from twenty to thirty seconds for the 
blood to make the complete circulation from the ventricle back 
again to the i<tarting point. This means that the entire volume of 
blood in the human body passes three or four thousand times a 
day through the various organs of the body,* 

PortAl Circulation. — Some of the blood, on its way back to the heart, 
passes to the walls of tlic food tube and to its glands. From there it is sent 
with its load of absorl»ed food to the liver. Here the vein which carries 
the lilood (called llie portal vein) breaks u]) into capillaries aroun<l the 
cells of the liver, when it gives up sugar t« be stored as glycogen. From 
the liver, blood pas-ses dircetU' to the riglit auricle. The ]MrUd cirada- 
tinii, lus it is called, is the only part of the circulation where the blood 
passes through two seta of capillaries on its way from auricle to auricle. 

Circulation in the Web of a Frog's Foot. — If the web of the foot 
of a iive frog or the tail of a tailpole is examined under the com- 
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pound microscope, a network of blood vessels will be seen. In 
some of the larger vessels the corpuscles are moving rapidly and 
in spurts ; these are arteries. The arteries lead into smaller vessels 
hardly greater in diameter than the width of a single corpuscle. 
This network of capillaries may be followed into larger veins in 
which the blood moves regularly. This illustrates the condition 
in any tissue of man where the arteries break up into capillaries, 
and these in turn unite to form veins. 

Structure of the Arteries. — A distinct difference in structure 
exists between the arteries and the veins in the human body. The 
arteries, because of the greater strain received from the* blood which 
is pumped from the heart, have thicker muscular walls, and in 
addition are very elastic. 

Cause of the Pulse. — The pulse j which can easily be detected by press- 
ing the large artery in the wrist or the small one in front of and above the 
external ear, is caused by the gushing of blood through the arteries after 
each pulsation of the heart. As the large arteries pass away from the 
heart, the diameter of each individual artery becomes smaller. At the 
very end of their course, these arteries are so small as to be almost mi- 
croscopic in size and are very numerous. Tliere are so many that if 
they were placed together, side by side, their united diameter would be 
much greater than the diameter of the large arter>' {aorta) which passes 
blood from the left side of the heart. This fact is of very great impor- 
tance, for the force of the blood as it gushes through the arteries becomes 
very much less when it reaches the smaller vessels. This gushing move- 
ment is quite lost when the capillaries are reached, first, because tliere is 
so much more space for the blood to fill, and second, because there is 
considerable friction caused by the very tiny diameter of the capillaries. 

Capillaries. — The capillaries form a network of minute tubes 
everywhere in the body, but especially near the surface and in the 
lungs. It is through their walls that the food and oxygen pass 
to the tissues, and carbon dioxide is given up to the plasma. They 
form the connection that completes the system of circulation of 
blood in the body. 

Function and Structure of the Veins. — If the arteries are supply 
pipes which convey fluid food to the tissues, then the veins may 
be likened to drain pipes which carry away waste material from the 
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tissues. Extremely numerous in the extremities and in the muscles 
and among other tissues of the body, they, like the branches of a 

tree, become larger and unite with each other as they 

approach the heart. 

If the wall of a vein is carefully examined, it will be 
found to be neither so thick nor so tough as an artery wall. 
When empty, a vein collapses ; the wall of an artery holds 
its shape. If you hold your hand downward for a little 
time and then examine it, you will find that the veins, 
wliich are relatively much nearer the surface than are the 
arteries, appear to be very much knotted. This appear- 
ance is due to the presence of tiny valves within. These 
valves open in the direction of the blood current, but 
would close if the direction of the blood flow should be 
reversed (as in case a deep cut severed a vein). As the 
pressure of blood in the veins is much less than in the 
arteries, the valves thus aid in keeping the flow of blood 
in the veins toward the heart. The higher pressure in 
arteries and the suction in the veins (caused by the enlarge- 
ment of the chest cavity in breatliing) are the chief factors 
which cause a steady flow of blood through the veins in 
the bodv. 

Lymph Vessels. — The lymph is collected from 
the Viarious tissues of the body by means of a number 
of very thin-walled tubes, which are at first very tiny, but after 
repeated connection with other tubes ultimately unite to form 
large ducts. These lym])h ducts are provided, like the veins, 
with valv(;s. Th(» pressure of the l)lood within the blood vessels 
forces continually mon^ plasma into the lymph ; thus a slow 
current is maintained. On its course the lymph passes through 
many collections of gland cells, the lymph glands. In these glands 
some impuritit^s app(?ar to be removed and colorless corpuscles made. 
The lymph ultimately ])asses into a large tube, the thoracic dud, 
which flows upward near the ventral side of the spinal column, and 
empties into the large subclavian vein in th(» left side of the neck. 
Another smaller lymph duct enters the right subclavian vein. 

The Lacteals. — We have already found that part of the digested 
food (chic^fly carbohydrates, proteins, salts, and water) is absorbed 
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directly into the blood through the walls of the villi and carried to 

the liver. Fat, however, is passed into the spaces in the central 

part of the villi, and from there into other spaces between the 

tissues, known as the lacleals. 

The lacteals carry the fats into 

the blood by way of the thoracic 

duct. The lacteals and lymph 

vessels have in part the samt' 

course. It will be thus seen 

that lymph at different parts of 

its course would have a very 

different composition. /^W\ '^^l^^iPu '''" 

The HervouB Control of the 
Heart tnd Blood VoBBeU. — - Al- 
though the muscles of the heart 
contract and relax without our be- 
ing able to stop them or force them 
to go faster, yet in cases of sudden 
fright, or after a sudden blow, the 
heart may stop beating for a short 
interval. This shows that the heart Thi- lymph vessels the dark spotn are 
, ., . 1 !■ ,1 lymiin Rlaridi tar hictenls re, tho- 

IS under the control of the nervous raci<- dur^i 
s>-stem. Two seta of nerve fibers, 

both of which arc coimect^d with the central nervous system, pass to 
the heart. One set of fibers aecolerates, the other slows or inhibits, the 
heart beat. The arteries and veins are also under the control of the 
sympathetic nervous system. This allows of a change in the diameter 
of the blood vessels. Thus, blushing is due to a sudden rush of blood to 
the surface of the body caused by an expansion of the blood vessels at 
the surface. The blood vessels of the body are always full of blood. This 
results from an automatic regulation of the diameter of the blood tul)cs by 
a part of the nervous system called the vanomoUn neTves. These nerves 
act upon the muscles in the walls of the blood vessels. In this way, each 
vessel adapts itsc^lf to the amount of blood in it at a pven time. After 
a hearty meal, a large supply of blood is needed in the walls of the stomach 
and intestines. At this time, the arteries going to this re^ou arc dilated 
so as to receive an extra supply. When the briuii performs hard work, 
blood is supplied in the same manner to that region. Hence, one should 
not study or do mental work immediately after a hearty meal, for blood 
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will be drawn away to the brain, leaving the digestive tract with an in- 
sufficient supply. Indigestion may follow as a result. 

The Effect of Exercise on the Circulation. — It is a fact familiar 
to alt that tho heart In^ats more violently and quickly when we are 
doing hard work than when we are resting. Count your own pulse 
when sitting (juictly, and then sigain after some brisk exercise in the 
gymnasium. Exeroise in moderation is of undoubted value, be- 
cause it sends the increased amount of blood to such parts of the 
body where inereasenl oxidation has been taking place as the result 
of the exercise. The best forms of exercise are those which give 
as many muscles as possible work — walking, out-of-door sports, 
any exercise that is not violent. Exercise should not be att«rapted 
immediately after eating, as this causes a withdrawal of blood from 
the digestive tract to the muscles of the body. Neither should 
exercise be continued after Ix'coming tired, as poisons are then 
forme<l in the muscles, which cause the feeling we caJI fatigue. 
Remember that extra work given to the heart by extreme exercise 
may injure it. causing possilile trouble with the valves. 

Treatment of Cuts and 
Bruises. — Blood which oozes 
slowly from a cut will usually 
stop flowing by the natural 
means of the formation of a 
clot. A cut or bruise should, 
however, be washed in a weak 
solution of carlx>lic acid or 
some other antiseptic in order 
to prevent bacteria from ol)- 
taining a foothold on the ex- 
posed flesh. If blood, issuing 
from a wound, gushes in dis- 
tinct pulsations, then we know 
that an artery has been sev- 
ered. To prevent the flow of 
blood, a tight bandage knonii 
as a iouTniqiiet must be tied 
between the cut and the heart. 
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A handkerchief with a knot placed over the artery may stop 
bleeding if the cut is on one of the limbs. If this does not serve, 
then insert a stick in the handkerchief and twist it so as to make 
the pressure around the limb still greater. Thus we may close 
the artery until the doctor is called, who may sew up the injured 
blood vessel. 

The Effect of Alcohol upon the Blood. — It has recently been 
discovered that alcohol has an extremely injurious oflFect upon the 
colorless corpuscles of the blood, lowering their ability to fight 
disease germs to a marked degree. This is well seen in a compari- 
son of deaths from certain infectious diseases in drinkers and 
abstainers, the percentage of mortality being much greater in the 
former. 

Dr. T. Alexander MacNichol, in a recent address, said : — 

** Massart and Bordet, Metchnikofif and Sims Woodhead, have 
proved that alcohol, even in very dilute solution, prevents the 
white blood corpuscles from attacking invading germs, thus de- 
priving the system of the cooperation of these important defenders, 
and reducing the powers of resisting disease. The experiments of 
Richardson, Harley, Kales, and others have demonstrated the 
fact that one to five per cent of alcohol in the blood of the Hving 
human body in a notable degree alters the appearance of the cor- 
puscular elements, reduces the oxygen bearing elements, and pre- 
vents their reoxygenation.*' 

Alcohol weakens Resistance to Disease. — In acute illnesses, 
grippe, fevers, blood poisoning, etc., substances formed in the 
blood termed " antibodies '' antagonize the action of bacteria, 
facilitating their destruction by the white blood cells and neutral- 
izing their poisonous influence. In a person with good "resist- 
ance *' this protective machinery, which we do not yet thoroughly 
understand, works with beautiful precision, and the patient " gets 
well.'* Experiments by scientific experts have demonstrated that 
alcohol restrains the formation of these marvelous antibodies. 
Alcohol puts to sleep the sentinels that guard your body from 
disease. 

The Effect of Alcohol on the Circulation. — Alcoholic drinks 
affect the very delicate adjustment of the nervous centers control- 
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ling the blood vessels and heart. Even very dilute alcohol acts 
upon the muscles of the tiny blood vessels ; consequently, more 
blood is allowed to enter them, and, as the small vessels are usually 
near the surface of the body, the habitual redness seen in the face 
of hard drinkers is the ultimate result. 

** The first eflfect of diluted alcohol is to make the heart beat 
faster. This fills the small vessels near the surface. A feeling of 
warmth is produced which causes the drinker to feel that he was 
warmed by the drink. This feeling, however, soon passes away, 
and is succeeded by one of chilliness. The body temperature, at 
first raised by the rather rapid oxidation of the alcohol, is soon 
lowered by the increased radiation from the surface. 

** The immediate stimulation to the heart's action soon passes 
away and, like other muscles, the muscles of the heart lose power 
and contract with less force after having been excited by alcohol." 
— Macy, Physiology. 

Alcohol, when brought to act directly on heart muscle, lessens the 
force of the beat. It may even cause changes in the tissues, which 
eventually result in the breaking of the walls of a blood vessel or 
the plugging of a vessel with a blood clot. This condition may 
cause the disease known as apoplexy. 

Effects of Tobacco upon the Circulation. — *' The frequent use of 
cigars or cigarettes by the young seriously affects the quality of the 
blood. The red blood corpuscles are not fully developed and 
charged with their normal supply of life-giving oxygen. This 
causes paleness of the skin, often noticed in the face of the young 
smoker. Palpitation of the heart is also a common result, fol- 
lowed by perman(4it weakness, so that the whole system is 
enfeebled, and mental vigor is impaired as well as physical 
strength. '^ — Macy, Physiology. 



XXII. RESPIRATION AND EXCRETION 

Prohlenia. — A study of respiratwn to fin^ out: — 

(a) Whdt changes in blood ami air take pla^^e within the 
lungs, 

ib) TJie mecJianiss of ?*espiration. 
A study of ventilation to discover : — 
ia) TJie reason for ventilation, 

(b) The best method of ventilation. 
A study of the organs of excretion. 

Laboratory Suggehtions 

Demonstration. — Comparison of lungs of frog with those of bird or 
mammal. 

Experiment. — The changes of blood within the lungs. 

Experiment. — Changes taking place in air in the lungs. 

Experiment. — The use of the ribs in respiration. 

Demonstration experiment. — What causes the filling of air sacs of the 
lungs? 

Demonstration experiment. — What are the best methods of ventilating 
a room ? 

Demonstration. — Best methods of dusting and cleaning. 

Demonstration. — Beef or sheep's kidney to show areas. 

Necessity for Respiration. — We have seen that plants and 

animals need oxygen in order that the life processes may go on. 

Food is oxidized to release energy, just as coal is burned to give 

heat to run an engine. As a draft of air is required to make fire 

under the boiler, so, in the human body, oxygen must be given so 

that food in tissues may bo oxidized to release energy used in 

work. This oxidation takes place in the cells of the body, l)e they 

part of a muscle, a gland, or the brain. Blood, in its circulation 

to all part.'i of the body, is the niedium which conveys the oxygen to 

that place in the body where it will be used, 
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The Organs of Respiration in Man. — We have alluded to 
the fact that the lungs are the organs which give oxygen to the 
blood and take from it carbon dioxide. The course of the air 
passing to the lungs in man is much the same aa in the 
frog. Air passes through the nose, and into the windpipe. This 
cartilaginous tube, the top of which may easily be felt as the 
Adam'.s apple of the throat, divides into two bronchi. The 
bronchi within the lungs break up into a great number of smaller 
tubes, the bronchial tuhes, which d'vidc somewhat like the small 
branches of a tree. The 
bronchial tubes, indeed all 
the air passages, arc lined 
with ciliated cells. The 
cilia of these cells are con- 
stantly in motion, beating 
ivith a quick stroke toward 
the outer end of the tube, 
. that is, toward the mouth. 
Hence any foreign material 
will be raised from the 
throat first by the action 
of the cilia and then by 
coughing or " clearing the 
^ __ ,.„_. „, „ _ throat." The bronchi end 

in very minute air sacs, 
little pouches having chistic walls, into which iiir is taken when 
we inspire, or take a «leep breath. In the walls of these pouches 
are numerous capillaries, the ends of arteries which pass from the 
heart into the lung. It is through the very thin walls of the air sacs 
that an interchange of ganes tnkes place ichicfi results in the blood 
giving up part of its load of carbon dioxide, and taking up oxygen in 
its place. This cxi'hange appears to be aided l)y the presence 
of an ensiyme in the hmg tissues. This is another example of 
the various kind.'< of work done by the enzymes of the lK>dy. 

Changes in the Blood within the Lungs. — Blood, after leaving 
the lungs, is much brighter red than just Iwfore entering them. 
The change in color is due to a taking up of oxygen by the homo- 
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globin of the red corpuscles. Changes taking place in blood are 
obviously the reverse of those which take place in air in the 
lungs. Every hundred cubic centimeters of blood going into 
the lungs contains 8 to 12 c.c. 
of oxygen, 45 to 50 c.c. of 
carbon dioxide, and 1 to 2 c.c. 
of nitrogen. The same amount 
of blood passing out of the 
lungs contains 20 c.c. of oxy- 
gen, 38 c.c. of carbon dioxide, 
and 1 to 2 c.c. of nitrogen. 
The water, of which about 
half a pint is given off daily, 
is mostly lost from the blood. 

Changes in Air in the Lungs. 
— Air is much warmer after 
leaving the lungs than before 
it enters them. Breathe on 
the bulb of a thermometer to 
prove this. Expired air con- ^^^«^^^ ^ show what the blood loses and 

^ ^ gams in one of the air sacs of the lungs. 

tains a considerable amount 

of moisture, as may be proved by breathing on a cold polished 
surface. This it has taken up in the air sacs of the lungs. The 
presence of carbon dioxide in expired air may easily be detected 
by the limewater test. Air such as we breathe out of doors con- 
tains, by volume : — 

Nitrogen 76.95 

Oxygen 20.61 

Carbon dioxide 03 

Argon 1.00 

Water vapor (average) 1.40 

Air expired from the lungs contains : — 

Nitrogen * 76.95 

Oxygen • . . . . 15.67 

Car}x)n dioxide 4.38 

Water vapwr 2 

Argon 1 
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In other words, there is a loss between 4 and 5 per cent oxygen, 
and nearly a corresponding gain in carbon dioxide, in expired air. 
There are also some other organic substances present. 

Cell Respiration. — It has been shown, in the case of very 
simple animals, such as the atncehaj that when oxidation takes 
place in a cell, work results from this oxidation. The oxygen 
taken into the lungs is not used there, but is carried by the blood 
to such parts of the body as need oxygen to oxidize food mate- 
rials in the cells. Since 
work is done in the cells 
of the body, food and oxy- 
gen are therefore required. 
The quantity of oxygen 
used by the body is nearly 
dependent on the amount 
of work performed. Oxy- 
gen is constantly taken 
from the blood by tissues 
in a state of rest and is 
used up when the body is 
at work. This is suggest^ 
by the fact that in a given 
time a man, when working, gives off more oxygen (in carbon 
dioxide) than he takes in during that time. 

While work is being done certain wastes are formed in the cell. 
Carbon dioxide is given off when carbon is burned. But when 
proteins are burned, another waste product containing nitrogen 
is formed. This must be passed off from the cells, as it is a poison. 
Here again the lymph and blood, the common carriers, take the 
waste material to points where it may be excreted or passed out of 
the body. 

The Mechanics of Respiration. The Pleura. — The lungs are 
covered with a thin elastic m(»mbrane, the pleura. This forms a 
bag in which the lungs are hung. Between the walls of the b^ 
and the lungs is a space filled with lymph. By this means 
the lungs are prevented from rubbing against the walls of the 
chest. 
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BrMthing. — In every 
1 breath there are two 
^tinct movements, in- 
Tation (taking air in) 
d expiration (forcing 
out). In man an in- 
j^tion is produced by 
s contraction of the 
iscles between the 
fl, together with the 
itraction of the dia- 
ragm, the muscular 

U just below the lioart '^l;,'""';' ""''^^' "" ."* *:''^ ^""V' f ,'"" ''""^'^ ■ 
• Oil. uftpr uu expiration, • Eiplain how the 

1 lungs ; this result^l cavity for lungs U iimdc larger. 

pulling down the dia- 

ragm and pulling upward and outward of the ribs, thus making 
! space within the chest cavity larger. The lungs, which lie 
within this cavity, are filled by 
the air rushing into the larger 
space thus made. That this 
cavity ia larger than it was at 
first may be demonstrated by a 
glance at the accompanying 
figure. An expiration is simpler 
than an inspiration, for it re- 
' J^^ i''" I ^'1^. quires no muscular effort ; the 
S M I !^^a fl^k inu^<^l^s relax, the bre&stbone 

B M ^^H ^HK and ribs sink into place, while 

V p ^^^ ^^P the diaphragm returns to its 

■ " I li original position. 

A piece of apparatus which illus- 
trates to II degree; the mechanics of 
lirealiiiriK may lie made as follows: 
.\ttach a string to the niiddle of a 
piece of sheet rubber. Tic the 
rubber over the large end of a bell 
jar. Faae a glasa Y-tube through a 




r 




334 



RESPIRATION AND EXCRETION 



Cnnipl. 



rubber stopper. Fasten two small toy balloons to the branches of the 
tube. Close the small end of the jar with the stopper. Adjust the tube 
so that the balloons shall hang free in the jar. If now the rubber sheet is 
pulled down by means of the string, the air pressure in the jar is reduced 
and the toy balloons within expand, owing to the air pressure down the 
tube. When the rubber is allowed to go back to its former position, the 
balloons collapse. 

Rate of Breathing and Amount of Air Breathed. — During quiet 
breathing, the rate of inspiration is from fifteen to eighteen time» 
per minute ; thia rate largely depends on 
the amount of physical work performed. 
About 30 cubic inches of air arc taken in 
and expelled during the ordinary quiet 
respiration. The air so breathed is called 
tidal air. In a "long" breath, we take 
J in about 100 cubic inches in additioQ to 
:n. the tidal air. This is called complemenUil 
air. By means of a forced expiration, it 
is possible to expel from 75 to 100 cubic 
inches more than tidal air ; this air is 
called reserve air. What remains in the 
lungs, amounting to about 100 cubic 
inches, is called the residvai air. The 
value of deep breathing is seen by a 
glance at the diagram. It is only by 
this means that we clear the lungs of the 
reserve air with its accompanying load of 
carbon dioxide. 
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Disgrani nhowing the relative 
amounta <>( tidal, comple- Respiration under Nervous Control. — The 
mental. '"J*"'^- *"^ ^^^' muscular movements which cause an inspira- 
the avprnjEfi lung capHciiy *'•*" ^"^ partly under the control of the vrill, 
(or the adult raau. but in part the movement is beyond our con- 

trol. The nerve centers which govern in- 
spiration are part of the sympathetic nervous system. Anything of 
an irritating nature in the trachea or larynx will cause a sudden expiration 
or cough. When a boy runs, the quickened respiration is due to the fact 
that oxygen is used up rapidly and a larger quantity of carbon dioxide is 
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formed. The carbon dioxide in the blood stimiUateB the nervous center 
which haa control of respiration to greater activity, and quickened inspira- 
tion foLowa. 



Need of Ventilation. — Durii^ the course of a day the lungs 
lose to the surroundiog air nearly two pounds of carbon diox- 
ide. This means that about three fifths of a cubic foot is ^ven 
off by each person during an hour. When we are confined for 
some time in a room, it becomes neces.sary to get rid of tliis 
carbon tlioxide. This can lie lione only by means of proper 
ventilation. A coiiMiderahle amount of moisture is given off from 
the body, and this moi-sture in a crowded room is responsible for 
much of the discomfort. The air becomes humid and uncomfort' 
able. It has been found that by keeping the air in motion in such 
a room (as through the use of electric 
fans) much of this discomfort is 
obviated. 

The presence of impurities in the 
air of a room may easily be deter- 
mined by its odor. The odor of a 
poorly ventilated room is due to 
organic impurities given off with the 
carbon dioxide. This, fortunately, 
gives us an index of the amount of 
waste material in the air. Among 
the factors which take oxygon from 
the air in a closed room and produce 
carbon dioxide are burning gas or oil 
lamps and stoves, and the presence 
of a number of people. 

Proper Ventilation. — Ventilation 
consists in the removal of air that 
has been used, and the intro<luction 
of a fresh supply to take its place. 
Heated air rises, carrying with it Three waye ol ventilating a room. 

much of the carbon dioxide and "i^l^'S Z ^Z!^^ 
other impuritiee. A good method ventUktionT ExpUio. 
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of ventilation for the home is to place a board two or three 
inches high between the lower sash and the frame of a window 
or to have the window open an inch or so at the top and thf 
bottom. An open fireplace in a room aids in ventilation because 
of the constant draft up the flue. 

Sweeping and Dusting. — It is very ca&y to demonstrate th(^ 
amount of dust in the air by following the <;oursi; of a beam of 
light in a darkcnoi[ room. Wo have already provoil that sport^s of 
mold and yoast exist in 
the air. That bacteria 
are also present can be 
proved by exposing a 
sterilized gelatin plate 
to the air in a school- 
room for a few mo- 
ments.' 

Many of the bacteria 
present in the air are 
active in causing dis- 
eases of the respiratory 
tract, such as diph- 
theria, membranous 
croup, and tubercu- 
losis. Other diseases, 
as colds, bronchitis 
(inflammation of the 
bronchial tubes), and 
pneumonia (inflammation of the tiny air sacs of the lungs), are 
also caused by baotcria. 

Dust, with its load of bacteria, wilt settle on any horizontal sur- 
face in a room not used for three or four hours. Dustii^ and 
sweeping should always be done with a damp cloth or broom, 
otherwise the bacteria are simply stirred up and sent into the air 

< Expose two Bteriliicd disiies ooiita[nmg culture media ; ooe in & room beioK 
•wept with a damp broom, and the other in a room which ia being swept intheumal 
Tnanner, Note the formation of rolonica of bacteria in each dish. Id which dish 
does the more abundant growth take place? 
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again. The propt-r wiif^ring iif utrcnls l»rfor(^ Hn^y are swept is 
also an important factor in health. Much dust is composed lai^ely 
of dried excreta of animals. Soft-coal smoke does its share to 
add to the impurities of the air, while sewer gas and illuminating 
gas are frequently found in sufficient quantities to poison people. 
Pure air is, as can be seen, almost an impossibility in a great city. 

How to get Fresh Air. — As we know, green plants give off in 
the sunlight considerable more oxygen than they use, and they 
use up carbon dioxide. The air in the country is naturally purer 
than in the city, as smoke and bacteria are not so prevalent there, 
and the plants in abundance give off oxygen. In the city the 
night air is purer than day air, 
because the factories have stopped 
work, the dust has settled, and 
fewer people are on the streets. 
The old myth of " night air " 
being injurious has long since been 
exploded, and thousands of people 
of delicate health, especially those 
who have weak throat or lungs, 
are regaining health by sleeping 
out of doors or with the windows 
wide open. The only essential in 
sleeping out of doors or in a room 
with a low temperature is that the body be kept warm and the 
head t>e protected from strong drafts by a nightcap or hood. 
Proper ventilation at all times is one of the greatest factors in 
good health. 

Change of Air. — Persons in poor health, especially those having 
tuberculosis, are often cured by a change of air. This is not always 
so much due to the composition of the air as to change of occupa- 
tion, rest, and good food. Mountain air is dry, and relatively 
free from dust and bacteria, and often helps a person having tuber- 
culosis. Air at the seaside is beneficial for some forms of disease, 
especially hay fever and bone tuberculosis. Many sanitariums 
have been established for this latter disease near the ocean, and 
thousands of lives are being annually saved in this way. 

HUNTER, CIV. BI. 22 
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Ventilation of Sleeping Rooms. — HIeopinK in clone rixttns is 
the cause of miK'h illness. Beds (niRlit t<t Ih> placed so tliiit a, 
constant auppiy of fresh air is given without a direct draft. This 
may often be maniige<l with tho use of screens. Bedroom windows 
should be thrown open in the morning to allow free entrance of the 
sun and air, Ijc'dciothcs should be wa-slied frequently, and sheets 
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and pillow covers often changed. Bt^droom furniture should be 
simple, and but little drapery allowed in the room. 

Hygienic Habits of BreatluDg. — Every one ought to accustom 
himself upon going into the open air to inspire slowly and deeply 
to the full capacity of the lungs. A slow expiration should follow. 
Take care to force the air out. Breathe through the nose, thus 
warming the air you inspire before it enters the lungs and chills 
the blood. Repeat this exercise several times every day. You 
will thus prevent certain of the air sa<-s which are not often used 
from becoming hardened and permanently closed. 
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Relation of Proper Exercise to Health. — We are all aware that 
exercise in moderation has a beneficial effect upon the human or- 
ganism. The pale face, drooping shoulders, and narrow chest of 
the boy or girl who takes no regular exercise is too well known. 
Exercise, besides giving direct use of the muscles, increases th;^ 
work of the lieart and lungs, causing deepiT breathing and givinji; 
the heart muscles increased work ; it lilxTates heat and carbon 
dioxide from the tissues where th(» work is taking place, thus in- 
creasing the respiration of the tissues thcMUsc^lves, and aids m(^- 
chanically in the removal of wtustes from tissues. It is well known 
that exercise, when taken some little tirnc^ after eating, has a very 
beneficial effect upon digestion. Exercise and especially games 
are of inmiense importanc^e to the nervous system as a means of 
rest. The increasing number of playgrounds in this country is 
due to this acknowledged need of exorcise, esj)ecially for growing 
children. 

Proper exercise should be moderate and varicnl. Walking in 
itself is a valuable means of (exercising c(Ttain muscles, so is bicy- 
cling, but neither is ideal as the only form to be used. Vary your 
exercise so as to bring diff(»rent muscjles into play, take exercise 
that will allow frcM* breathing out of doors if possible*, and the; 
natural fatigue which follows will l(\'V(l yon to tnkc the rrst and sleep 
that every normal body requires. 

Exercise* should always be liniitiHJ by fatigue, which brings with 
it fatigue poi.sons. This is nature's signal when to nsst. If one's 
use of diet and air is pro|)('r, tin* fatigue* |)oint will Im' nnich further 
off than othrrwise. ( )nr should learn to relax when not in activity. 
The habit produces rest, even Ix^twcMMi exertions viTV close to- 
gether, ami enabl(\s one to continue to repeat those <'xertions for 
a much longtT time than otluTwise. The habit of lying down 
when tired is a good one. 

The Relation of Tight Clothing to Correct Breathing. — It is 
impossible to breathe corrcK'tly unl(\ss the clothing is worn loosely 
over the chest and abdomen. Tight corsets and tight belts pn*- 
vent the walls of the chest and the abdomen from pushing outward 
and interfere with tlu* drawing of air into th(^ lungs. They may 
also result in permanent distortion of parts of the skeleton directly 
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under the pressure. Other organs of the body cavity, as the stom- 
ach and intestines, may be forced downward, out of place, and in 
consequence cannot perform their work properly. 

Suffocation and Artificial Respiration. — Suffocation results from the 
shutting oflf of the supply of oxygon from the lungs. It may be brought 
about by an obstruction in the windpipe, by a lack of oxygen in the air, 
by inhaling sonic other gas in quantity, or by drowning. A severe electric 
shock may paralyze the nervous centers which control respiration, thus 
causing a kind of suflfocation. In the above cases, death often may \ye 
prevented by prompt recourses to artificial respiration. To accomplish 
this, place the patient on his back with the head lower than the body; 
grasp the anns near the elbows and draw them upward and outward until 
they are stretched above the head, on a line with the body. By this means 
the chest cavity is enlarged and an inspiration produced. To produce 
an expiration, carry the arms downward, and press them against the chest, 
thus forcing the air out of the lungs. This exercise, regularly repeated 
every few seconds, if necessary for hoiu's, has been the soiu'ce of savdng 
many lives. 

Common Diseases of the Nose and Throat. — Catarrh is a disease to 
which people with sensitive mucous membrane of the nose and throat are 
subject. It is indicated by the constant secretion of mucus from these 
membranes. Frecjuent spraying of the nose and throat with some mild 
antiseptic solutions is found helpful. Chronic catarrh should be attended 
to by a physician. Often w(^ find children breathing entirely through the 
mouth, the nose being seemingly stopped up. When this goes on for 
some time the nose and throat should be examined by a physician for 
adenoids^ or growths of soft masses of tissue which fill up the nos(^ cavity, 
thus causing a shortage of the air supply for the body. Many a child, 
backward at school, thin and irritable, hiis l)oen cluinged to a healthy, 
normal, bright scholar by the removal of adenoids. Sometimes the 
tonsils at Ww back of the mouth cavity may become enlarged, thus shut- 
ting otT the air supply and causing the same trouble jis we see in a case of 
adenoids. The simple removal of the obstacle by a doctor soon curt^ 
this condition. (See page 395.) 

Organs of Excretion. — All the life processes which take place 
in a living tliinj^ result ultimately, in luldition to giving oflf of car- 
bon dioxide, in the formation of organic wastes within the !x)dy. 
The retention of these wastes which contain nitrogen, is harmful 
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to animals. In man, tho tikin and 

kidneys remove this waste from 

tile body, hence they are called the 

organs of excretion. 

The Human Kidney. — The 

human kidney is iilx>ut four inclu's 

lonft. two and one half inches wide, 

and one inch in thickness. Its 

color is dark red. If the structure 

of the medulla and cortex (see 

figure above) is examined under 

the compound microscope, you will 

find these regions to be composed 

of a vast number of tiny branched 

and twisted tubules. The outer 

end of each of theae tubules opens into the pelvis, the space within 

the kidney ; the inner end, in the cortex, forms a tiny closed sac. 

In each sac, the outer wall of the tube has (^ruwn inward ami 
carried with it a very tiny artery. This 
artery breaks up into a ma.ss of capillaries. 
These capillaries, in turn, unite to form a 
small vein as tht^y leave the little sac. 
Each uf tiiese sacs with its contained blood 
vessels is called a glomerulus. 

Wastes given off by the Blood in the 
Kidney. — In the glomerulus the blood 
loses by osmosis, through the very thin 
walls of the capillaries, first, a consider- 
able amount of water (amounting to 
nearly three pints daily) ; second, a nitrog- 
enous waste material known as urea ; 
third, salts and other waste organic sul>- 
stances, uric acid among them. 

These waste products, together with the 
water containing them, arc known as urine. 
The total amount of nitrogenous waste leaving 
the body each day m aljout twenty grams. It 




bnngiUR blood to part ; 
h, capillary briiieitiK blmxl 
to glomerutuB: b', vpsaul 
continuing with blood to 
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JH passed thntugh the urcUr to the urinary hhvUkr; from this reson-oir 
it' is pasMcd out of the bixly, througli a, tube ealled the imilira. AfH-r 
the blood has passed through the glomeruli of the kidneys it is purer 
than in any other place in the body, bccauae, before coming there, it 
lost a large part of itfi burden of carbon dioxide in the lungs. After 
leaving the kidney it has lost much of its nitrogenous waste. So de- 
pendent is the body upon the excretion of its poisonous mat#rial that, 
in eases where the ki<lneys do not do their work properly, death may 
ensue within a few hours. 

Structure and Use of Sweat Glands. — If you examine the 
palm of your hand with a lens, you will notice the surfaee is thrown 
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into little riilgeK, In these ri<lges may Ik? fuund a large number of 
very tiny pita ; these are the pon-s or openings of the sweat- 
secreting glands. From each opening a little tulw! penetrates deep 
within the epidermis ; then;, eoiltng around ujx>n itself several 
times, it forms the sweat gland. C'lose around this coiled tiil)e are 
found many capillaries. From the blood in these (capillaries, cells 
lining the wall of the gland take water, and with it a little carbon 
dioxide, urea, and some salts (common salt amot^ others). This 
forms the excretion known as nweal. The combined secretions 
from these glands amount normally to a tittle over a pint during 
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twenty-four hours. At all times, a small amount of sweat is given 
oflF, but this is evaporated or is absorbed by the underwear; as 
this passes off unnoticed, it is called insensible perspiration. In 
hot weather or after hard manual labor the amount of perspira- 
tion is greatly increased. 

Regulation of Heat of the Body. — The bodily temperature 
of a person engaged in manual labor will be found to be but little 
higher than the temperature of the same person at rest. We know 
from our pn^vious experiments that heat is released. Muscles, 
nearly one half the weight of the body, release about five sixths of 
their energy as heat. At all times they are giving up some heat. 
How is it that the bodily temperature does not differ greatly at 
such times ? The temperature of the body is largely regulated by 
means of the activity of the sweat glands. The blood carries 
much of the heat, liberated in the various parts of the body by 
the oxidation of food, to the surface of the body, where it is lost 
in the evaporation of sweat. In hot weather the blood vessels of 
the skin are dilated ; in cold weather they are made smaller by 
the action of the nervous system. The blood thus loses water in 
the skin, the water evaporates, and we are cooled off. The object 
of increased perspirationj then, is to remove heat from the body. 
With a large amount of blood present in the skin, perspiration is 
increased ; with a small amount, it is diminished. Hence, we 
have in the skin an automatic regulator of bodily temperature. 

Sweat Glands under Nervous Control. — The sweat glands, 
like the other glands in the body, are under the control of the sj'^m- 
pathetic nervous system. Frequently the nerves dilate the blood 
vessels of the skin, thus helping the sweat glands to secrete, by 
giving them more blood. 

" Thus n»gulation is carried out by the nervous system deter- 
mining, on the one hand, the loss by governing the supply of blood 
to the skin and th(» action of th(^ sweat glands ; and on the other, 
the production l>y diminishing or increasing the oxidation of the 
tissues.*' — FosTKK AND Shoke, Phijsiology. 

Colds and Fevers. — The* regulation of blood passing through 
the blood vessels is under control of the nervous system. If this 
mechanism is intcTferod with in any way, the sweat glands may not 



344 



RESPIRATION AND EXCRETION 




do their work, perspiration may be stopped, and the heat from 
oxidation held within the body. The body temperature goes up, 
and a fever results. 

If the blood vessels in the skin are suddenly cooled when full of 
blood, they contract and send the blood elsewhere. As a result a 

congestion or cold may follow. 
Colds are, in reality, a conges- 
tion of membranes lining cer- 
tain parts of the body, as the 
nose, throat, windpipe, or 
lungs. 

When suffering from a cold, 
it is therefore important not 
to chill the skin, as a full blood 
supply should be kept in it and 
so kept from the seat of the 
congestion. For this reason 
hot baths (which call the 
blood to the skin), the avoid- 
ing of drafts (which chill the 
skin), and warm clothing are 
useful factors in the care of 
colds. 

Hygiene of the Skin. — The 
skin is of importance both as 
an organ of excretion and as 
a regulator of bodily temper- 
ature. The skin of the entire 
body should be bathed frequently so that this function of excretion 
may be properly performed. Pride in one^s own appearance for- 
bids a dirty skin. For those who can stand it, a cold sponge bath 
is best. Soap should be used daily on parts exposed to dirt. 
Exercise in the open air is important to all who desire a good 
complexion. The body should be kept at an even temperature 
l)y tlu* us(^ of proper underclothing. Wool, a poor conductor 
i)i* lioat, should Ix* used in winter, and cotton, which allows of a 
free escape of heat, in summer. 




A, blood vess<>l8 in skin normal; B, when 

congested. 
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Cuts, Bruises, and Burns. — In case the skin is badly broken, 
it is necessary to prevent the entrance and growth of bacteria. 
This may be done by washing the wound with weak antiseptic 
solutions such as 3 per cent carbolic acidj 3 per cent lysoly or per- 
oxide of hydrogen (full strength). These solutions should be ap- 
plied immediately. A bum or scald should be covered at once 
with a paste of baking soda, with olive oil, or with a mixture of 
limewater and linseed oil. These tend to lessen the pain by keep- 
ing out the air and reducing the inflammation. 

Summary of Changes in Blood within the Body. — We have 
already seen that red corpuscles in the lungs lose part of their load, 
of carbon dioxide that they have taken from the tissues, replacing 
it with oxygen. This is accompanied by a change of color from 
purple (in blood which is poor in oxygen) to that of bright red (in 
richly oxygenated blood). Other changes take place in other parts 
of the body. In the walls of the food tube, especially in the small 
intestine, the blood receives its load of fluid food. In the muscles 
and other working tissues the blood gives up food and oxygen, 
receiving carbon dioxide and organic waste in return. In the liver, 
the blood gives up its sugar, and the worn-out red corpuscles which 
break down are removed (as they are in the spleen) from the 
circulation. In glands, it gives up materials used by the gland 
cells in their manufacture of secretions. In the kidneys, it loses 
water and nitrogenous wastes (urea). In the skin, it also loses 
some waste materials, salts, and water. 

" The Effect of Alcohol on Body Heat. — It is usually believed that 
' taking a drink ' when cold makes one warmer. But such is 
not the case. In reality alcohol lowers the temperature of the 
body by dilating the blood vessels of the skin. It does this 
by means of its influence on the nervous system. It is, therefore, 
a mistake to drink alcoholic beverages when one is extremely cold, 
because by means of this more bodily heat is allowed to escape. 

" Because alcohol is quickly oxidized, and ])ocause heat is pro- 
duced in the process, it was long ])elieve(l to l)e of valu(^ in main- 
taining the heat of the body. A different view now prevails as 
the result of much observation and experiment. Physiologists 
show by careful experiments that though th(» temperature of the 
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body rises during digestion of food, it is lowered for some hours 
when alcohol is taken. The flush which is felt upon the skin after 
a drink of wine or spirits is due in part to an increase of heat in 
the body, but also to the paralyzing effect of the alcohol upon the 
capillary walls, allowing them to dilate, and so permitting more of 
the warm blood of the interior of the body to reach the surface. 
There it is cooled by radiation, and the general temperature is 
lowered.'' — Macy, Physiology. 

Effect of Alcohol on Respiration. — Alcohol tends to congest 
the membrane of the throat and lungs. It does this by paralyzing 
the nerves which take care of the tiny blood vessels in the walls of 
the air tubes and air sacs. The capillaries become full of blood, 
the air spaces are lessened, and breathing is interfered with. The 
use of alcohol is believed by many physicians to predispose a 
person to tuberculosis. Certainly this disease attacks drinkers 
more readily than those who do not drink. Alcohol interferes 
with the respiration of the cells because it is oxidized very quickly 
within the bodj"^ as it is quickly absorbed and sent to the cells. 
So rapid is this oxidation that it interferes with the oxidation of 
other substances. Using alcohol has been likened to burning kero- 
sene in a stove ; the operation is a dangerous one. 

Effects of Tobacco on Respiration. — Tobacco smoke contains 
the same kind of poisons as the tobacco, with other irritating sub- 
stances added. It is extremely irritating to the throat ; it often 
causes a cough, and renders it more liable to inflammation. If 
the smoke is inhaled more deeply, the vaporized nicotine is still 
more readily absorbed and may thus produce greater irritation in 
the bronchi and lungs. Cigarettes are worse than other forms 
of tobacco, for they contain the simie poisons with others in addi- 
tion. 

Effect of Alcohol on the Kidneys. — It is said that alcohol is one 
of the greatest causes of disease in the kidneys. The forms of 
diseiuse known Jis ** fatty degeneration of the kidney '' and 
** Bright's (lise:is(^ '* are ])()th frequi^ntly due to this cause. The 
kiilneys an* the most imf)ortant organs for the n^moval of nitrog- 
enous waste*. 

Alcohol unites more easily with oxygen than most other food 



RESPIRATION AND EXCRETION • 347 

materials, hence it takes away oxygen that would otherwise be 
used in oxidizing these foods. Imperfect oxidation of foods 
causes the development and retention of poisons in the blood 
which it becomes the work of the kidneys to remove. If the kid- 
neys become overworked, disease will occur. Such disease is likely 
to make itself felt a^s rheumatism or gout, both of which are be- 
lieved to be due to waste pn)ducts (ix)isons) in the blood. 

Poisons produced by Alcohol. — When too little oxygen enters the 
draft of the stove, th(» wood is burned imperfectly, and there are 
clouds of smoke and irritating gases. So, if oxygen unites with the 
alcohol and too little reaches the cells, instead of carbon dioxide, 
water, and urea being formed, there are other products, some 
of which are ex(^ee<lingly poisonous and which the kidneys handle 
with difficulty. The poisons retained in the circulation never fail 
to produce their poisonous effects, as shown by lu^adaches, clouded 
brain, pain, and weakness of the body. The word ** intoxication " 
means '' in a state of poisoning.** These poisons gradually accumu- 
late as the alcohol takes oxygen from the cells. The worst effects 
come last, when the brain is too l>enuml)ed to judge fairly of their 
harm. 
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XXIII. BODY CONTROL AND HABIT FORMATION 

Problems. — How ift hmly control viaintfilne^l? 

(a) Wliat is the mechanifini of direvtlon <nui control? 

ib) What is the met hod of direction and control? 

(e) Whut arc habits ? How are th^t/ formed and Iww broken ? 

id) JVhat are tlie organs of sense? What are tlieir uses? 

(e) How does alrolwl affect the nervous sj/stem? 

Laboratory Suggestions 

Demonstration. — Sensory motor reactions. 

Demonstration. — Nervous system. Models and frog dissections. 

Demonstration. — Neurones under compound microscope (optional). 

Demonstration. - Reflex acts are unconscious acts : show how conscious 
acts may heconic habitual. 

Home exercise in habit forming. 

The senses. — Home exercises. — (1) To determine areas most sensitive 
to touch. (2) To determine or map out hot and cold spots on an area on 
the wrist. (3) To determine functions of different areas on tongue. 

Demonstration. — Show how eye defects are tested. 

Laboratory summary. — The effects of alcohol on the nervous system. 

The Body a Self-directed Machine. — Throughout the preced- 
ing chapters the ])ody has been likened to an engine, which, while 
burning its fuel, food, has done work. If we were to carry our 
comparison further, however, the simile ce^ases. For the engineer 
runs the engine, while the bodily machine is self-directive. 

Moreover, most of the acts we perform during a day's work are 
results of tlu^ automatic working of this bodily machine. The 
heart pumi)s ; the ])lood circulates its load of food, oxygen, and 
wastes; the movements of ])reathing are performed ; the thousand 
and one complicated acts that go on every day within the body are 
aeeminyly undirected. 

Automatic Activity. — In addition to this, numbers of other of 
our daily acts are not thought about. If we are well-regulated 
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body machines, we 
get up in the morn- 
ing, automatically 
wash, clean our 
teeth, dress, go to 
the toilet, get our 
breakfast, walk to 
school, even per- 
form such comph- 
cated processoa as 
that of writing, 
without thinking 
about or diTecting 
the machine. In 
these respects we 
have become crea- 
tures of habit. 
Certain acta which ' 
once we might 
have learned con- 
sciously, have be- 
come automatic. 

But unco at 
school, if we are 
really making good 
in our work in the 
classroom, we l>e- 
gin a higher t-tyn- 
trol of our budily 
functions. Auto- 
matic control acts 
no longer, and sen- 
sation is nut the 

only guide — for we now begin to make conscious choice ; we weigh 
this matter against another, — in short, we think. 

Parts of the Nervous System. — Thiw wonderful scH-di recti ve 
apparatus pla<;e(,l within um, which is in part under control of our 
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will, is known as the nervous system. In the vertebrate animals, 
including man, it consists of two divisions. One includes the 
brain, spinal cord, the cranial and spinal nerves, which together 
make up the cerebro-spitial nervous system. The other division is 
called the sympathetic nervous system and has to do with those 
bodily functions which are beyond our control. Every group of 
cells in the body that has work to do (excepting the floating cells 
of tlui ])lood) is directly influenced by these nerves. Our bodily 
(comfort is dependent upon their directive work. The organs 
which put us in touch with our surroundings are naturally at the 
surface of the body. Small collections of nerve cells, called gangliUy 
are found in all parts of the body. These nerve centers are con- 
nected, to a greater or less degree, with the surface of the body by 
the nerves, which serve as pathways between the end organs of 
touch, sight, tast-e, etc., and the centers in the brain or spinal cord. 
Thus sensation is obtained. 

Sensations and Reactions. — We have already seen that simpler 
forms of life perform certain acts because certain outside forces act- 
ing upon them cause them to reax:t to the stimulus from without. 
The one-colled animal responds to the pn^sence of food, to heat, to 
oxygen, to otlu^r conditions in its surroundings. An earthworm is 
repelled by light, is attracted by f<)0(i. All animals, including man, 
are put in touch with their surroundings by what wo call the or- 
gans of stMisation. The si^nses of man, b(>sides those we commonly 
know :us thos(^ of sight, hearing, ttiste, smell, and touch, are those of 
tenip(Tature, j)ressure, and pain. It is obvious that such organs, 
if they an* to b<^ of us<» to an animal, must be at the out^side of the 
bo(iy. Thus we find <\y(»s and (^-irs in the h(»ad, and t{ist<> cells 
in the mouth, while other <'(»lls in the nose jx^rceive odors, and 
still otluTs in tlie skin are s(msitive to heat or cold, pn^ssure or 
pain. 

But this is not all. Strangely enough, we do not see with our 
eyes or tast<? with our taste cells. These organs receive the sensa- 
tions, and by means of a complicated system of greatly elongated 
cell structures, the message is sent inward, relayed by other elon- 
gated cells until the sensory message reaches an inner station, in 
the central nervous system. We see and hear and smell in our 
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brain. L(»t us next examine th(^ structure of the nerve cells or 
jieumns part of which serve as pathways for these messagijs. 

Neurones. — A nerve cell, like other cells in the body, is a mass 
of protoplasm containing a nucleus. But the body of the nerve 
cell is usually rather irregular in shape, and distinguished from 
most other cells by possessing several delicate, branched proto- 
plasmic projections called dendrites. One of 
these processes, the axon, is much longer 
than the others and ends in a muscle or 
organ of sensation. The axon forms the 
pathway over which nervous impulses travel 
to and from the nerve centers. 

A nerve consists of a bundle of such tiny 
axons, bound together by connective tissue. 
As a nerve ganglia is a center of activity in 
the nervous system, so a cell body is a center 
of activity which may send an impulse over 
this thin strand of protoplasm (the axon) 
prolonged many hundreds of thousands of 
times the length of the cell. Some neurones 
in the human body, although visible only 
under the compound microscope, give rise 
to axons several feet in length. 

Because some bundles of axons originate 
in organs that receive sensations and send 
those sensations to the central nervous svs- ^'^f^'^''' «^ ^ ".^"'•"^ ^'^ 

ncrv'o unit. 

tem, they are called sensory nerves. Other 
axons originate in the central nervous system and pass outward 
as nerves producing movement of muscles. These are called 
motor nerves. 

The Brain of Man. — In man, the central nervous system consists of a 
brain and spinal cord inclosed in a bony case. From the brain, twelve 
pairs of nerves are given off ; thirty-one pairs more leave the spinal cord. 
The brain has thwc divisions. The cerebrum makes up the largest, part.. 
In this respect it differs from the cerebrum of th(» frog and other verte- 
brates. It is divided into two lobes, the hemispheres^ which are connected 
with each other by a broad band of nerve fibers. The outer surface of the 
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rerebrum is llin»wn into folds or mnvoluliima which give ;i large surface', 
the cell bodies of the neurons being found in this part of the cerebruiu. 
Holding the cell bodies and fibers in place is a kind of connective tissue. 
The inner part (white in color) is composed largely of fibers which pass 
to other parts of the brain and down into the spinal cord. Under the 
cerebrum, and dorsal to it, lies the little brain, or cerebellum. The two 
sides of the cerebellum are connected by a band of nerve fibers which 
run around into the lower hindbrain or meduUa. This band of fibers is 
called the -pons. The medulla is, in structure, part of the spinal cord, and 
is made up largely of fibers running longitudinally. 

The Syinpathetic Nervous System. — Connected with the central ner- 
vous system is that part of the nervous apparatus that controls the mus- 
cles of the digestive tract and blood vessels, the secretions of gland cells, 
and all functions which have to do with life processes in the body. This 
is called the sympathetic nervous system. 

Functions of the Parts of the Central Nervous System of the 
Frog. — From careful study of living frogs, birds, and some mam- 
mals we have learned much of what we know of the functions of 
the parts of the central nervous system in man. 

It has been found that if the entire brain of a frog is destroyed 
and separated from the spinal cord, ** the frog will continue to 
live, but with a very peculiarly modified activity." It does not 
appear to breathe, nor does it swallow. It will not move or croak, 
but if acid is placed upon the skin so as to irritate it, the legs make 
movements to push away and to clean off the irritating substance. 
The spinal cord is thus shown to be a center for defensive move- 
ments. If the cerebrum is separated from the rest of the nervous 
system, th(» frog seems to act a little differently from the normal 
animal. It jumps wlien touched, and swims when placed in water. 
It will croak when stroked, or swallow if food be placed in its mouth. 
But it manifests no hunger or fear, and is in every sense a machine 
which will pi^rform certain actions after certain stimulations. Its 
movements :ir(* automatic. If now we watch the movements of 
a frog which luxs tlu^ brain uninjured in any way, we find that it 
acts HpontaneouHlij . It tries to escape when caught. It feels 
hungry and seeks food. It is capable of voluntary action. It 
acts like a normal individual. 
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Functions of the Cerebrum. — In general, the functione of the 
different partu of the brun in man agree with thoae functioDB 
we have already observed in the frog. The cerebrum has to do 
with conscious activity ; that b, thought. It presides over what 
we call our thoughts, our will, and our sensations. A large part 
of the area of the outer layer of the cerebrum seems to be given 
over to some one of the different functions of speech, hearing, 
sight, touch, movements of bodily parts. The movement of the 
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smallest part of the body appears to have its definite localized 
center in the cerebrum. Experiments have been performed on mon- 
keys, and these, together with ol)9orviitiuns made on persons who 
had lost the power of movement of certain parts of the t>ody, 
and who, after death, were found to have had diseases localized 
in certain parts of the cerebrum, have given to us our knowledge 
on this subject. 

Reflex Actions ; their Meaning. — If through disease or for 
other reasons the cerebrum does not function, no will power is 
r. Bi.— 23 
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pxortwl, nor are intelli^ont acts performed. All acts performed in 
such a state jire known as rrjlex aclionn. Tlie involuntary l>niKli- 
ing of a fly from the face, or the attempt t<j move awjiy from the 
source of annoyance 
when tickled with a 
feather, are examples 
of reflexes In a 
reflex act, a person 
does not think before 
actmft The nervous 
impulse comes from 
the outside to cells 
that are not m the 
cerebrum The mes- 
sage li) short-circuited 
back to the surface 
by motor nerves, without ever having reached the thinking 
centers. The nerve cells which take charge of such acts are lo- 
cated in the cerel)ellum or spinal cord. 

Automatic Acts. — Some acts, however, are learned by con- 
scious thought, as writing, walking, running, or swimming. Later 
in life, however, these activities become automatic. The actual 
performance of the action i« then taken up by the cerebellum, 
medulla, and spinal ganglia. Thus the thinking portion of the 
brain is relieved of part of its work. 

Bundles of Habits. — It is surprising how little real thinking we 
do during a day, for most of our acts are habitual. Habit takes 
care of our dressing, our bathing, our care of the body organs, our 
methods of (bating ; even our movements in walking and the kind 
of hantl wo write are matters of habit forming. We are bundles of 
habits, lie they good ones or bad ones. 

Habit Formation. — The training of the different areas in the 
cerebrum to do their work well is the object of education. When 
we learned to write, we exertotl conscious effort in order to make 
the letters. Now the act of forming the letters is done without 
thought. By training, tho act ha« l)ecome automatic. In the 
b^innii^, a process may take much thought and many trials 
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before we are able to complete it. After a little practice, the same 
process may become almost automatic. We have formed a habit. 
Habits are really acquired reflex actions. They are the result of 
nature's metho<l of training. The conscious part of the brain has 
trained the cerebellum or spinal cord to do certain things that, at 
first, were taken charge of by the cerebrum. 

Importance of Forming Right Habits. — Among the hal)its early 
to l^e acquired are the habits of studying propcTly, of concentrating 
the mind, of learning self-control, and, a])Ove all, of cont(»ntment. 
Get the most out of the world about you. Remember that the 
immediate effect in the study of some subjects in school may not 
be great, but the cultivation of correct methods of thinking may be 
of the greatest importance later in life. The man or woman who 
has learned how to concentrate on a problem, how to weigh all sides 
with an unbiased mind, and then to decide on what they believe to 
be best and right are the efficient and happy ones of tlunr generation. 

" The hell to be endured hereafter, of whieh theology t<>IIs, is no wor.s(» 
than the hell w(^ inak(* for ourselves in this world by habitually fiishioning 
our characters in the wrong way. ( 'ould t he young but realize how soon 
they will beconu^ nwvv walking bundles of habits, they would give more 
heed to their ronduct while in the plastic state. We are spinning our 
own fates, good or evil, and never to !>(» undone. Every smallest stroke 
of virtue or of vice leaves its never-so-lit t le scar. The drunken Hip Van 
Winkle, in Jefferson's play, excuses himself for every fresh dereliction by 
saying, * I won't count this time! ' Well! he may not count it, and a 
kind Heaven may not count it ; but it is being counted none the less. 
Down among his nerve cells and fibers the molecules are counting it, regis- 
tc»ring and storing it up to be used against iiim when th(» next temptation 
comes. Nothing we ever do is, in strict scientific literalness, wiped out. 
Of cours(j this has its good side as well as its bad on(\ As we become per- 
manent drunkards by so many separate drinks, so wv In'come saints in the 
moral, and authorities in the practical and scientific, splieres by so many 
separate acts and hours of work. Let no youth have any anxiety about 
the upshot of his education, whatever the* line of it may be. If he keep 
faithfully busy each hour of the working day, he may safely leave the final 
result to itself. He can with perfect certainty count on waking up some 
fine morning, to find liimself one of the competent ones of his generation, 
in whatever pursuit he may have singled out," — James, Fts^ychology. 
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Some Rules for Forming Good Habits. — Professor Home gives 
several rules for making good or breaking bad habits. They are : 
" First, act on every opportunity. Second, make a strong start. 
Third, allow no exception. Fourth, for the bad habit establish a good 
one. Fifth, summoning all the man within, tise effort of wiU.^' 
Why not try these out in forming some good habit? You will 
find them effective. 

Necessity of Food, Fresh Air, and Rest. — The nerve cells, like 
all other cells in the body, are continually wasting away and being 
rebuilt. Oxidation of food material is more rapid when we do 
mental work. The cells of the brain, like muscle cells, are not 
only capable of fatigue, but show this in changes of form and of 

contents. Food brought to them in the 
blood, plenty oi fresh air, especially when 
engaged in active brain work, and rest 
at proper times, are essential in keeping 
the nervous system in condition. One 
of the best methods of resting the brain 
cells is a change of occupation. Tennis, 
golf, baseball, and other outdoor sports 
« b combine muscular exercise with brain 

The eflfpct of fatiifiH' on iiervo activity of a different sort from that of 

Zn: /., ?ati^":i'bLn'c:i" '^»-in^«« "^ ^^^^^ work. But change 

of occupation will not rest exhausted 

neurones. For this, sleep is noc(*ssary. Especially is sleep an 

important factor in the health of the nervous system of growing 

children. 

Necessity of Sleep. — Most brain (h»11s attain their growth 
early in life. Changes ocrcur, however, until some time after the 
school age. T(»n hours of sleep should b(» allowed for a child, and 
at least eight hours for an adult. At this time, only, do the brain 
cells have opportunity to n^st and store food and energy for their 
working period. 

Sleep is one way in which all cells in the body, and particularly 
those of the nervous system, get their rest. The nervous system, 
l)y fur the most d(4icat(» and hardest-worked set of tissues in the 
body, needs rijst more than do other tissues, for its work directing 
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the body only ends with sleep or unconsciousness. The afternoon 
nap, snatched by the brain worker, gives him renewed energy for 
his evening's work. It is not hard apphcation to a task that 
wearies the brain : it is amtimuntu work without rest. 



thp: sensios 

Touch. — In animals having a liard outsidt- covering, such as certain 
worms, insects, and crustaceanu, minute hairs, which arc sensitive to touch, 
are fouml growing out from the body covering. At the base of these hairs 
are found neurones which send axons inward to the central nervous sysl-em. 
Organs of Touch. — In man, the nervous mechanism which governs 
touch is located in the folds of the dcrmi!i or in the skin. Special nerve 
endings, called the tactile corpus- 
cles, are found there, each in- 
closed in a sheath or capsule of 
connecti\ e tissue Insid* is u 
complicated nerve ending and 
axons pass mnard to the central 
n( r\ ous 1% stem The number 
of tactile corpuselea present m a 
gn en area of the skm detcniimei 
the accuracy and ease with which 
objects niav be known bj touch 

If jou test the difftrtnt parti 
of the body, as the back of the ^f^>''•- "i 'I" •'I'lii ' '"rit hlxr ft tuitik 

, , ,, ' ^, , , ,, ininUffi I inlHiiiiiiR u tiirtilp corpuscle 

hand, the neck the skm of the ^ pupiUic ruiitmninK htood \rasil3. 
arm of the back, or tin tip of i\lx<r H.nd,) 

the tongue with a p iir of open 

dividers a \ast difference in the aicuri(\ willi wliidi tin two points 
mav be dibtinginshid i^. notiud On llic tip of tlu tongue tlu two points 
need onl\ b( separated h\ ^. of Vi meh to In ^>o diitiiiguished In the 
small of the back a dntanc ( of 2 inches ma\ be n ached iieforr the dividers 
feel hke two points 

Temperature, Pressure, Pain. — The feeling of temperature, pressure, 
and pain is detennined by different end organs in the skin. Two kinds 
of nerve hbers exist in tite skin, which give distinct sensations of heat and 
cold. These nerve endings can be located by careful experimentation. 
There are also areas of nerve endings which are sensitive to pressure, 
and still others, most numerous of all, sensitive to jwin , 
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Taste Organs. — The surface of the tongue is foldcnl into a number of 
little projections known as papillae. These may be more easily found on 
your own tongue if a drop of vinegar is placed on its broad surface. In the 

folds, between these projections on the top and 
'^^^^rfj^rffnff >fl ^ack part of the tongue, are located the organs of 
^'"* M B taste. These organs are calknl ioAte bucLn. 

Each taste bud consists of a collection (»f 

8i)indle-shaped neurones, each cell tipped at its 

outer end with a hairlike projection. These cells 

send inward fibers to other cells, the fibers from 

which ultimately reach the brajn. The sensor>' 

.4. isolated taste hud, ^^^s are surroundcd by a number of projecting 

from whose upper fn»e cells wliich are arranged in layers about them. 

end project the ends of -pi^yg ^;^^ ^^gan in longitudinal section looks 

the taste cells ; H,sup- t . %'% • ^ i ^i • 

iK)rtinK or protecting somewhat like an onion cut lengthwise. 

cell; r', sensory cell. How wc Taste. — Four kinds of substances 

may be distinguished by the sense of taste. These 
are sweet, sour, bitter, and salt. Certain taste cells located near the 
back of the tongue are stimulated only by a bitter taste. Sweet suJb- 
stances are perceived by cells near the tip of the tongue, sour substances 
along the sides, and salt about equally all over the surface. A substance 
must b(* dissolv(»d in fluid in order to be tasted. Many things which 
we believe we taste are in reality perceived by the sense of smell. Such 
are spicy sauces and flavors of meats and vegetables. This may easily 
be prov(^d by holding the nose and chewing, with closed eyes, several 
different substances, such as an apple, an onion, and a raw potato. 

Smell. — The sense of smell is located in the membrane lining the upper 
part of the nose. Here are found a large number of rod-shaped cells which 
are connected with the brain by means of the olfactory nerve. In order 
to perceive odors, it is necessar>'^ to have them diffused in the air ; hence 
we sniff so as to draw in more air over the olfactory cells. 

The Organ of Hearing. — The organ of hearing is the ear. The outer 
e^r consists of a funnel-like organ composed largely of cartilage which is 
of use in collecting sound waves. This part of the ear incloses the audi- 
tory canal, which is closed at the inner end by a tightly stretched mem- 
brane, the tympanic membrane or ear drum. The function of the tym- 
panic membrane is to receive sound waves, for all sound is caused by 
vibrations in the air, these vibrations being transmitted, by the means 
of a complicated apparatus found in the middle ear, to the real organ of 
hearing located in the inner ear. 
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Hjddle Bar. — The middle ear in man U a cavity inclosed by the tem- 
poral bone, and separated from the outer ear by the tympanic membrane. 
A httle tube called the Ettstackian tube connects the inner ear with the 
mouth cavity. By allowing air to enter from the mouth, the air pressure 
ia equalized on the ear drum. For this reason, we open the mouth at the 
time of a heavy concussion and thus prevent the rupture of the delicate 
tympanic membrane. 
Placed directly against 
the tympanic mem- 
brane and coimecting 
it with the inner ear is 
a chain of three tiny 
bones, the smallest 
bones of the body. The 
outermost is called the 
hammer; the next the 
artvil; the third the 
stirrup. All throe bones 
are so called from their 
resemblances in shape 
to the articles for which 
they are named. These 
bones are held in place 
by very small muscles 
which are delicately 
adjusted so as to tighter 

The Inner Ear. — ■ The inner ear is one of the most complicated, as 
well as one of the most delicate, organs of the body. Deep within the 
temporal bono there are found two parts, one of which is called, collec- 
tively, the semicircular canal region, the other the cochlea, or ot^an of hear- 
ing. 

It has been <liscovered by ccperimenting mth fish, in which the semi- 
circular canal region forma the chief part of the ear, that this region has 
to do with the equilibrium or balancing of the body. We guin in part our 
knowledge of our position and movements in si)aiT by means of the xemi- 
drcular canals. 

That, part of the ear which receives sound waves is known as the cochlea, 
or snail shell, because of its sliapo. This very complicated organ is lined 
with sensory cells provided with cilia. The cavity of the cochlea is filled 




cction of nar 1 i'.jW.. uu(litor>-cana1 ; r^.^M.. tympanic 
mLinbruiie: Cu, . EuBlui-hiuti tubr : ru, middle ear: 
Coc.. A.S.C.. E.S.C.. etc.. intrnial ear. 

T relax the membranes guarding the middle and 
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with a fluid. It is believed that somewhat as a stone thrown into water 
causes ripples to emanate from the spot where it strikes, so sound waves 
are transmitted by means of the fluid filling the cavity to the sensory cells 
of the cochlea (collectively known as the organ of Corti) and thence to the 
brain by means of the auditory nerve. 

The Character of Sound. — When vibrations which are received by the 
ear follow each other at regular intervals, the sound is said to be musical. 
If the vibrations come irregularly, we call the sound a noise. If the vibra- 
tions come slowly, the pitch of the sound is low ; if they come rapidly, the 
pitch is high. The ear is able to perceive as low as thirty vibrations per 
second and as high as almost thirty thousand. The ear can be trained to 
recognize sounds which are unnoticed in untrained ears. 

The Eye. — The eye or organ of vision is an almost spherical body which 
fits into a socket of bone, the orbU. A stalklike structure, the optic nervCy 

connects the eye with the brain. Free 
movement is obtained by means of six 
little muscles which are attached to 
the outer coat, the eyebally and to the 
bony socket around the eye. 

The wall of the eyeball is made up 
of three coats. An outer tough white 
coat, of connective tissue, is called the 
sclerotic coat. Under the sclerotic 
coat, in front, the eye bulges outward 
a little. Here the outer coat is con- 
tinuous with a transparent tough layer 
called the cornea. A second coat, the choroid, is supplied with blood 
vessels and cells which bear pigments. It is a part of this coat which 
we see through the cornea as the colored part of the eye (the ins). 
In the center of the iris is a small circular hole (the pupil). The iris 
is under the control of muscles, and may be adjusted to varying 
amounts of light, the hole becoming larger in dim light, and smaller 
in bright light. The inmost layer of the eye is called the retina. This 
is, perhaps, the most delicate layer in the entire body. Despite the 
fact that the retina is less than ^ of an inch in thickness, there are 
several layers of cells in its composition. The optic nerve enters the 
eye from behind and spreads out to form the surface of the retina. 
Its finest fibei-s are ultimately connected with numerous elongated 
cells which are stinuilat^^d by light. The retina is dark purple in color, 
this color being caused by a laycT of cells nt^xt to the choroid coat. Tliis 
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accounts for the black appearance of the pupil of the eye, when we look 
through the pupil into the darkened space within the eyebaU. The 
retina acts as the sensitized plate in the camera, for on it are received the 
impressions which are transformed and sent to the brain as sensations of 
sight. The eye, like the camera, has a lens. This lens is formed of 
transparent, elastic material. It is found directly behind the iris and is 
attached to the choroid coat by means of delicate ligaments. In front of 
the lens is a small cavity filled with a watery fluid, the aqueous humors 
while behind it is the main cavity of the eye, filled with a transparent, 
almost jellylike, vitreous humor. The lens itst^lf is elastic. This circum- 
stance permits of a change of form and, in consequence, a change of 
focus upon the retina of the lens. By means of this change in form, or 
accammodaliortj we are able to distinguish between near and distant 
objects. 

Defects in the Eye. — In some eyes, the lens is in focus for near objects, 
but is not easily focused upon distant objects ; such an eye is said to be 
nearsighted. Other eyes 
which do not focus clearly 
on objects near at hand are 
said to be farsighted. Still ^, , j .,^ , .. « 

, 1 r • • How far away can you read these letters? 

another eye delect is astlg- Measure the distance. Twenty feet is a 

matism, which causes images tost for tlie normal eye. 

of lines in a certain direction 

to be indistinct, while images of lines transverse to the former are distinct. 
Many nervous troubles, especially headaches, may be due to eye strain. 
We should have our eyes examined from time to time, especially if we are 
subject to headaches. 

The Alcohol Question. — It is agreed by investigators that in 
large or continued amounts alcohol has a narcotic^ effect ; that it 
first dulls or paralyzes the nerve centers which (lontrol our judg- 
ment, and later acts upon the so-called motor centers, those which 
control our muscular activities. 

The reason, then, that a man in the first stages of intoxication 
talks rapidly and sometimes wittily, is because the centers of judg- 
ment are paralyzed. This frees the speech (^enters from control 
exercised by our judgment, with the n^sultant rapid and free flow 
of speech. 

In small amounts alcoliol is helit^ved by some physiologists to 
liavo always this same narcotitt effect, wliilc* otheT physiologists 
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think that alcohol does stimulate the brain centers, especially 
the higher centers, to increased activity. Some scientific and pro- 
fessional men use alcohol in small amounts for this stimulation and 
report no seeming harm from the indulgence. Others, and by 
far the larger number, agree that this stimulation from alcohol is 
only apparent and that even in the smallest amounts alcohol has 
a narcotic effect. 

The Paralyzing Effects of Alcohol on the Nervous System. — 
Alcohol has the effect of temporarily paralyzing the nerve centers. 
The first effect is that of exhilaration. A man may do more work 
for a time under the stimulation of alcohol. This stimulation, 
however, is of short duration and is invariably followed by a period 
of depression and inertia. In this latter state, a man will do less 
work than tefore. In larger quantities, alcohol has the effect of 
completely paralyzing the nerve centers. This is seen in the case 
of a man ** dead drunk. ^* He falls in a stupor because all of the 
centers governing speech, sight, locomotion, etc., have been tem- 
porarily paralyzed. If a man takes a very large amount of al- 
cohol, even the nerve centers governing respiration and circulation 
may become poisoned, and the victim will die. 

Effect on the Organs of Special Sense. — Professor Forel, one of 
the foremost European experts on the question of the effect of 
alcohol on th(^ nervous system, says : ** Through all parts of ner- 
vous activity from the innervation of the muscles and the simplest 
sensation to the highest activity of the soul the paralyzing effect 
of alcohol can be demonstrated." Several experimenters of un- 
doubted ability have noted the paralyzing effect of alcohol even 
in small doses. By the use of deli(^ate instruments of precision, 
Ridge tested the (»ffe(;t of alcohol on the senses of smell, vision, and 
muscular seiLse of weight. He found that two drams of absolute 
alcohol produced a positive decrease in the sensitiveness of the 
nerves of feeling, that so small a quantity as one half dram of 
a])S()lut(^ alcohol diminished th(» [K)W(»r of vision and the muscular 
sense of weight. Kraepelin and Kurz by experiment determined 
that the acut(»n(»ss of the special senses of sight » hearing, touch, 
tiiste, and smell was diminished by an ounce of alcohol, the power 
of vision being lost to one third of its extent and a similar effect 
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beinK producw! on ttie otticr MjK'ciftl senses. Otli(;r iiivosti gators 
have reacluMi like i-unelusions. There is no tUiuItt Itut that alcohol, 
even in small quantities, nsnders the organs of sense less tien^itive 
and therefore less accurate. 

Effect of Alcohol on the Ability to Resist Disease. — ^ Among 
certain classes of people the belief exists that alcohol in the form 
of brandy or some other drink or in patent medicines, malt tonics, 




and the like is of great importance in building up the body so as 
to resist disease or to cure it aft«r disease hsis attacked it. Nothing 
is further from the truth. In experiments on a large number of 
animals, including dogs, rabbit.s, guinea jngs, fowls, and pigeons, 
Laitenen, of the University of Helsing.'ifors, found that alcohol, with- 
out exception, miide these animals more susceptible to disease than 
were the controls. 

One of the most serious effecti^ of alcohol is the lowered 
resistance of the body to disease. It has been proved that a 
much larger proportion of hard drinkers die from infectious or 
conta^ous diseases than from spei^ial diseased conditions due 
to the direct action of alcohol on the organs of the body. This 
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lowered resistance is shown in increased liability to contract 
disease and increased severity of the disease. We have already 
alluded to the findings of insurance companies with reference to 
the length of life — the abstainers from alcohol have a much 
])etter chance of a longer life and much less likelihood of infection 
by disease germs. 

Use of Alcohol in the Treatment of Disease. — In the London 
Temperance Hospital alcohol wixs prescribed seventy-five times 
in thirty-three years. The death rate in this hospital has 
been lower than that of most general hospitals. Sir William 
Collins, after serving nineteen years as surgeon in this hospital, 
said : — 

** In my experience, speaking as a surgeon, the use of alcohol is 
not essential for successful surgery. ... At the London Tem- 
perance Hospital, where alcohol is very rarely prescribed, the mor- 
tality in amputation cases and in operation cases generally is re- 
markably low. Total abstainers are better subjects for oi>eration, 
and recover more rapidly from accidents, than those who habitu- 
ally take stimulants.^' 

In a paper read at the International Congress on Tuberculosis, in 
New York, 190G, Dr. Crothors remarked that alcohol as a remedy 
or a preventive medicine in the treatment of tuberculosis is a most 
dangerous drug, and that all preparations of sirups containing 
spirits increase, rather than diminish, the disease. 

Dr. Kellogg says : '' The* paralyzing influence of alcohol upon 
the white cells of the blood — a fact which is attested by all 
investigators — is alone suffi(nent to conde^mn the use of this drug 
in acute or clironic infections of any sort." 

The Effect of Alcohol upon Intellectual Ability. — With regard 
to the supposed quickening of the mental processes Horsley and 
Sturge, in their recent l^ook, Alcohol and the Human Body^ say : 
** Kraepelin found that th(» simple reaction period, by which is 
meant the time occupied in making a mere response to a signal, as, 
for instance, to the sudden appearance of a flag, was, after the in- 
gestion of a small quantity of alcohol {\ to \ ounce), slightly accel- 
erated ; that there was, in fact, a slight shortening of the time, as 
though the brain were enabled to operate more quickly than be- 
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fore. But he found that after a few minutes, in most cases, a 
slowing of mental action began, becoming more and more marked, 
and enduring as long as the alcohol was in active operation in the 
body, I.e. four to five hours. . . . Kraepelin found that it was 
only more or less automatic work, such as reading aloud, which was 
quickened by alcohol, though even this was rendered less trust- 
worthy and accurate.*' Again: ** Kraepelin had always shared 
the popular belief that a small quantity of alcohol (one to two 
teaspoonfuls) had an accielerating effect on tlu* activity of his mind. 
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enabling him to perform t(^st opcTatioiis, as \hc. adding and sub- 
tracting and learning of figures mon^ quickly. But when he came 
to measure with liis instruments the (»xaet pi^iod and tiint^ occupied, 
he found, to liis astonishment, thjit h(^ had accomplished these 
mental operations, not more, but l(\ss, (luickly than bcifore. . . . 
Numerous furtlier experiments were carried out in order to test 
this matter, and these proved that alcohol lengthens the time taken 
to perform complex mental prua\sseH, while by a singular illusion the 
person experimented upon imagines that his j)sycbical actions are 
rendered more rapid." 
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AUeTition — that is, the power of the mind to grasp and con- 
sider impressions obtained through the senses — is weakened by 
drink. The ability of the mind to associate or combine ideas, the 
faculty involved in sound judgment, showed that when the persons 
had taken the amounts of alcohol mentione<l, the combinations of 
ideas or judgments expressed Ijy them were confused, fo^y, senti- 
mental, and general. When the persons had taken no alcohol, 
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their judgments weni nitioD^il, spiicifit', keen, showing closer ob- 
serviition. 

" The words of Professor Helmholtz at the celebration of liis sevcn- 
tietli birlhdiiy an* very interesting in this connection. He spoke of 
tlie ideas fljishiiiK up from the depths of the unknown soul, that 
li(!s at the foundation of every truly creative intellectual produc- 
tion, and closed his account of their origin with these words: 
' The smallest quantity of an alcoholic beverage seemed to frighten 
these ideas away.' " — Dr. G. Sims Woodhead, Professor of Pa- 
thology, Cambridge University, Bngland. 

Professor Von Hunge (Tejlliook of Physiological and Pathological 
Chemistry) of Switzerland says that: "The stimulating action 
which alcohol appears to exert on the brain functions is only a para- 
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lytic action. The corobral functions which are first interfered 
with are the power of clear jiulgtnenl ami rcaaon. No man ever 
became witty by aid of spirituous drinks. Th(^ lively gesticula- 
tions and useless exertions of intoxicateil people are due to paraly- 
sis, — the restraining influences, which prevent a sober man from 
uselessly expending his strength, being removed." 

The Drink Habit. — The harmful effects of alcohol (aside from 
the purely physiological effect upon the tissues and organs of the 
body) are most terribly seen in the formation of the alcohol habit. 
The first effect of drinking alcoholic liquors is that of exhilaration. 
After the feeling of exhilaration is gone, for this is a temporary 
state, the subject feels depressed and less able to work than before 
he took the drink. To overcome this feeling, he takes another 
drink. The result is that before long he finds a habit formed from 
which he cannot escape. With body and mind weakened, he 
attempts to break off the habit. But meanwhile his will, too, 
has suffered from overindulgence. He has become a victim of the 
drink habit ! 

" The capital argument against alcohol, that which must even- 
tually condemn its use, is this, that it takes away all the reserved 
controly the power of mastership^ and therefore offends against the 
splendid pride in himself or herself ^ which is fundamental in every 
man or woman worth any thing, ^^ — Dr. John Johnson, quoting 
Walt Whitman. 

Self-indulgence, be it in gratification of such a simple desire as 
that for candy or the more harmful indulgence in tobacco or al- 
coholic beverages, is dangerous — not only in its immediate effects 
on the tissues and organs, but in its more far-reaching effects on 
habit formation. Each one of us is a bundle of appetites. If we 
gratify appetites of the wrong kind, we are surely laying the 
foundation for the habit of excess. Self-denial is a good thing 
for each of us to practice at one time or another, if for no 
other purpose than to be ready to fight temptation when it 
comes. 

The Economic Efifect of Alcoholic Poisoning. — In the struggle 
for existence, it is evident that the man whose intellect is the quick- 
est and keenest, whose judgment is most sound, is the man who is 
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most likely to succeed. The paralyzing effect of alcohol upon the 
nerve centers must place the drinker at a disadvantage. In a 
hundred ways, the drinker sooner or later feels the handicap that 
the habit of drink has imposed upon him. Many corporations, 
notably several of our greatest railroads (the Pennsylvania and 
the New York Central Railroad among them), refuse to employ 
any but abstainers in positions of trust. Few persons know the 
number of railway accidents due to the uncertain eye of some en- 
gineer who mistook his signal, or the hazy inactivity of the brain 
of some train dispatcher who, because of drink, forgot to send the 
telegram that was to hold the train from wreck. In business and 
in the professions, the story is the same. The abstainer wins out 
over the drinking man. 

Effect of Alcohol on Ability to do Work. — In Physiological 
Aspects of the Liquor Problem, Professor Hodge, formerly of Clark 
University, descrites many of his own experiments showing the 
effect of alcohol on animals. He trained four selected puppies to 
recover a ball thrown across a gymnasium. To two of the dogs 
he gave food mixed with doses of alcohol, while the others were 
fed normally. The ball was thrown 100 feet as rapidly as recov- 
ered. This was repeated 100 times each day for fourteen suc- 
cessive days. Out of 1400 times the dogs to which alcohol had 
been given brought back the ball only 478 times, while the others 
secured it 922 times. 

Dr. Parkes experimented with two gangs of men, selected to be as 
nearly similar as possible, in mowing. He found that with one 
gang abstaining from alcoholic drinks and the other not, the ab- 
staining gang could accomplish more. On transposing the gangs, 
the same results were repeatedly obtained. Similar results were 
obtained by Professor Aschaffenburg of Heidelberg University, 
who found experimentally that men *' were able to do 15 per cent 
less work after taking alcohol.'^ 

Recently many experiments along the same lines have been 
made. In typewriting, in typesetting, in bricklaying, or in the 
highest type of mental work the result is the same. The quality 
and quantity of work done on days when alcohol is taken is less 
than on days when no alcohol is taken. 
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The Relation of Alcohol to Etficiency. — We have already seen 
that work is neither so well done nor is as much accomplished by 
, drinkers as by non-drinkers. 

A Massachusetts shoe manufacturer told a recent writer on 
temperance that in one year his firm lost over $5000 in shoes 
spoiled by drinking men, and that he had himself traced these 
spoiled shoes to the workmen who, through their use of alcoholic 
liquors, had thus rendered themselves incapable. Tliis is a serious 
handicap t^j our modern factory system, and explains why so many 
factory towns and cities are strongly favoring a policy of " No 
license " in opposition to the saloons. 

" It is believed that the lai^est number of accidents in shops and 
mills takes place on Monday, because the alcohol that is drunk 
on Sunday takes away the skill and attentive care of the work- 
man. To prove the truth of this opinion, the accidents of the 
building trades in Zurich were studied during a jx-riod of six 
years, with the result shown by this table :^ 



Another relation to efficiency is shown by the following chart. 
During the week the curve of working efficiency is highest on 
Friday and lowest on Monday. The numlM'r of ai;cidents were also 
least on Friday and greatest, on Monday. Lastly the assaults were 
fewest in number on Friday and greatest on Sunday and Monday. 
The moral is plain. Workingmen arc apt to spend their week's 
wages freely on Saturday. Much of this go<'s into drink, and as a 
reeult comes crime on Sunday because of the deadened moral and 
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Notice that tlie curve of efficiency is lowest on Monday and that crimes and 
accidents are most frequent on Sunday and Monday. Account for this. 



mental condition of the drinker, and loss of efficiency on Monday, 
because of the poisonous effects of the drug. 

EflFect of Alcohol upon Duration of Life. — Still more serious is 
the relation of alcohol as a direct cause of disease (see table). 

It is as yet quite impossible, in the United States at least, to tell 
just liow many d(*aths are brought about, directly or indirectly, by 
alcohol. Especially is this true in trying to determine the number 
of c:uses of deaths from disease promoted by alcohol. In Switzer- 
land provision is made for learning these facts, and the records of 
that country throw some light on the subject. 

Dr. Rudolph Pfister made a study of the records of the city of 
Basle for the years 1802-190(), finding the percentage of deaths in 
which alcohol had been reported by the attending physician as one 
cause of death. He foimd that 18.1 per cent of all deaths of men 
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between 40 and 50 years of age were caused, in part at least, by 
alcohol, and this at what should be the most aetiv(» period in a 
man's life, the time when he. is most needed ])y his family and 
community. Taking all ages ])etwe(»n 20 and 80, \w. found that 
alcohol was one caus(? of death in oni^ man in every tc^n who died. 
Another study was made bv a ci^rtain doctor in Sweden, from 
records of 1082 deaths occurring in his own practice and the local 
hospital. No case was counted as alcoholic of which there was the 
slightest doubt. Of deaths of adult men, 18 in every 100 were 
due, directly or indirectly, to alcoholism. In middle life, between 
the ages of 40 and 50, 29 ; and between 50 and 60 years of age, 25.6 
out of every 100 deaths had alcohol as one cause, thus agreeing 
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with otlu^r statisti(\s we havelxM'nciuoting. From ihrMfim/xflitany 
Vol. XXV, Number 11. 

The Relation of Alcohol to Crime. A recent study of more 
than 2500 habitual users of alcohol showed tliat over 66 per c(»nt had 
committed crime. Usually the crimes liad l)een done in saloons 
or as a result of quarrels after drinking. Of anotlier lot of 23,581 
criminals questioned, 20,070 said that alcohol liad led thc^m to 
commit crime. 

The Relation of Alcohol to Pauperism. — We have already 
spoken of the Jukes family. These and many other families of a 
similar sort are more or less directly a bunh^n upon the state. 
Alcohol is in part at least responsible for tlu^ condition of such 
families. Alcohol weakens the efficiency and moral courage, and 
thus leads to begging, pauperism, petty stealing or worse, and ul- 
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timately to life in some public institution. In Massachusetts, of 
3230 inmates of such institutions, 66 per cent were alcoholics. 

The Relation of Alcohol to Heredity. — Perhaps the gravest 
side of the alcohol question lies here. If each one of us had only 
himself to think of, the question of alcohol might not be so serious, 
lint drinkers niav hand down to their unfortunate children ten- 
denci(»s toward drink as well as n(»rvous diseases of various sorts ; 
an alcoholic parent may beget children who are epileptic, neu- 
rotic, or even insane. 

In the State of New York there are at the present time some 
3(),00() insane^ persons in public and private hospitals. It is be- 
lii^ved that about on(^ fifth of them, or 6(KK) patients, owe their 
insanity to alcohol used (uther by themselves or by their parents. 
In the asylums of the Unitiul States there an* 150,000 insane i>eople. 
Taking the same j)r()porti()ns as bt^fore, there are 30,000 persons 
in this country whom alcohol has mad(» or has hc^lped to make 
iiisaiK^ This is th(^ most t(Tri})lc sid(^ of th(i alcohol problem. 
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XXIV. MAN'S IMPROVEMENT OF HIS ENVIRONMENT 

Rrobletns. — How inay ive Unprove our home conclitions of 
living? 

How may we lielp improve our conditions dt school ? 

How does tJie citij care for tlie improvement of our environ- 
ment? 

ia) In inspection of buildings, etc. 

(b) In inspection of food suppliss, 

Cc) In inspection of milk, 

(d) In care of water supplies. 

(e) In disposal of wastes. 
(/) In care of public he(dth. 

Laboratory Suggestions 

Home exercise. — How to ventilate my bedroom. 

Demonstration. — Effect of use of cluster ami damp cloth upon bacteria 
in schoolroom. 

Home exercise. — Luncheon dietaries. 

Home exercise. — Sanitary map of my own block. 

Demonstration. — The bacterial cont(»nt of milk of various grades and 
from different sources. 

Demo7istrniion. — Bac^terial content of distilled water, rain water, tap 
water, dilute sewage. 

Laboratory exercise. — Study of board of health tables to plot curves 
of mortality from certain diseases during certain times of year. 

The Purpose of this Chapter. — In the preceding chapters we 

have traced the lives of plants and animtds each within their own 

environment. We have seen that man, lus well as plants and other 

animals, needs a favorable environment in order to live in comfort 

and health. It will be the purpose of the following pages first to 

show how we as individuals may better our home environment, 

and secondly, to see how we may aid the civic authorities in the 

betterment of conditions in the city in which we live. 

373 
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Home Conditions. — The Bedroom. — We sju'ImJ ii)>out ono 

third of our total timf in our bedroom. This room, therefore, 

deserves more than passing attention. First of all, it should have 

good ventilation. Two windows 

make an ideal condition, c»pecially 

if the windows receive some sun. 

Such a condition a.'* this is miini- 

festly impossible in a i^niwiled city, 

where t^)o often the apartment 

lH>dro(irn.s open \ipon narrow and 

ill-vent tiated courts. Until com- 

piiratively riwient time, tenement 

liouses were built mo that the IxhI- 

H..W I sh.mlil^ivntiliii.-n,y UhI- roonis liiwl practically no light or 

air ; now, thtuibi to roikI tenement- 

houw laws, wi<lc airshaft'S and hvrger win<lows are requiretl by 

statute. 

Care of the Bedroom. — Since sunlight cannot always lie ol>- 
taincd for a Iwdrouin, we must so care for an<l furnish the room 
that it will i>i' difficult for germs to grow there. Bedroom furni- 
ture should l)e light and easy to clean, the iK-dstcad of iron, the 
floors painted or of hanlwood. No hangings should lie nllowetl 
at the windows to collect dust, nor should carpets be allowed for 
the same reason. Rugs on the floor may easily Ije removed when 
cleaning is done. The furniture and woodwork should be wiped 
with a damp cloth every day. Wiy a damp cloth? In certain 
tenements in New York City, tuberculosis is believed to have been 
fiprejul by people iwcupying rooms in which a previous tenant ha.s 
had tuberculosis. A new tenant should insist on a thorough clean- 
ing of the bedrooms and removal of old wall paper before occu- 
pancy. 

Sunlight Important. — In choosing a house in the country we 
would take a location in which the sunlight was abundant. A 
shaded locution might t>e too damp for health. Sunlight should 
enter at least some of the nnims. In choosing an apartment we 
should have this matter in mind, for, a^ we know, germs cannot 
long exist in sunlight. 
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Heating. — IIi.iiws in the nnintry iiro cjftrii linitcd hy o|X'ii 
fires, stovi's or liDl-air fiiriuwcs, all <.f whMi make use of lifatwl 
currents of ;iir t;j warm the rooms, liut In the city jipiirtmcnt.s, 
usually pipes eon.luct .<t<'am or hot water from a t-entral plant to our 
rooms. The (iiffieulty with thifi system i.s that it doe.'* not give us 
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fresh air, but wanns over the stale air in a room. Steam causes 
our rooms to be too warm part of the time, and not warm enough 
part of the time. Thus we become overheated and then take cold 
by becoming chilled. Steam heat is thus responsible for much 
MJckness. 

Lighting. — Lighting our rooms is a matter of much importance. 
A student lamp, or shaded incandescent light, should be used for 
reading. Shades must be provided so that the eyes are protected 
from direct light. Gas is a dangerous servant, because it contains 
a very poisonous substance, carbon monoxide. " It is estimated 
that 14 per cent of the total product of the gas plant leaks into the 
streets and houses of the cities supplied." This forms an unseen 
menace to the health in cities. Gas pipes, and especially gas cocks, 
should be watched carefully for escaping gas. Rubber tubing 
should not be used to conduct gius to movable gas lamps, because 
it becomes worn and allows gas to escape. 

Insects and Poods. — In the summer our houses should be pro- 
vided with screens. All food should be carefully protected from 




During the 



protected from fli 



flies. Dirty dishes, scraps of food, and such garbage should be 
quickly cleaned up and disposed of after a meal. Ins(.^ct powder 
(pyrethrum) will help keep out " croton bugs" and other undesir- 
able hiniscliiild i>f'sts, but i'leanline.>js will dii far more. Most 
kitflu'ii |n-sls, :is ihc riiiich, simply stay with us becau.se tliey find 
ihn and f<Hiil idmridant. 
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Use of Ice. — Food should be properly cared for at alt times, but 
especially during the summer. Iceboxes are a necessity, especially 
where children live, in order to keep milk fresh. A dirty icebox 
is almost as bad as none at all, because food will decay or take on 
unpleasant odors from other foods. 

Disposal of Wastes. — In city houses the disposal of human 
i is provided for by 
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a city system of sewers. 
The wastes from the kit- 
chen, the garbage, should 
be disposed of each day. 
The garbage pail should 
be frequently sterilized by 
rinsing it with boiling 
water. Plenty of lye or 
soap should be used. Re- 
member that flies frequent 
the uncovered garbage 
pail, and that they may 
next walk on your foo<l. 
Collection and disposal of 
garbage is the work of the 
municipality. 

School SuiToundings. — 
How to Improve Them. — 
From five to six hours a 
day for forty weeks is 
spent by the average boy 
or girl in the schoolroom. It is part of our environment and should 
therefore be considered as worthy of our care. Not only should 
a schoolroom be attractive, but it should be clean and sanitary. 
City schools, because of their locations, of the sometimes poor jani- 
torial service, and especially Ix^causo of the selfishness and care- 
lessness of children who u.se them, may be very dirty and unsani- 
tary. Dirt. :uul dust Im-cd ;iiid carry bacteria. Plate cultures 
xhow grt-ally increased nunibi-rs of luicleria to be in tlie air when 
pupils are moving al unit, fori hen (hist, bearing Ijactcria, is stirn-d up 
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and circulated through the air. Sweeping and dusting with dry 
brooms or feather dusters only stirs up the tlust, leavii^ it to settle 
in some other place with its load of bacteria. Professor Hodge 
tells of an experience in a school in Worcester, Mass. A health 
brigade was formed among the children, whose duty was to clean 
the rooms every morning by wiping all cxposetl surface with a damp 




The cvilliire (.1) «-n.i exposed <■•> thr nir ••! a dirty Bin-cl in the crowdi^d purl o( 
Manhattan. (B) wasexpoBcd t<)thp nir ii( a well-clenned and wal«red street in 
the uptown rt'sidenre lurtion. WJiich culture h&s the more colaniea of bac- 
teria ? How do you Hccounl for this? 

cloth. In a school of 425 pupils not a single case of contagious 
diseases appeared liuring the entire year. Why not try this in 
your own school ? 

Unselfishness the Motto. — Pupils should be unselfish in the 
care of a school building. Papers and scraps dropped by some 
careless boy or girl make unpleasant the surroundings for hundreds 
of others. Chalk thrown by Kome mischievous boy and then 
tramped underfoot may irritate the lungs of a hundred innocent 
schotilmites. Colds or worse disea.ses may Ix- sprea<l through 
the filthy hiibits of some boys who spit in the halls or on the 
stairwa,ys. 

Lunch Time and Lunches. — If you bring your own lunch to 
school, it should be t lean. ta.sty, and well balanced as a ration. In 
most large schools well-managed lunch rooms are part of the school 
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equipment, and balanced lunches can }ie obtained at tow cost. 

Do not make ii lunch entirely from cold food, if hot can be obtained. 

Do not cat only sweets. Ice cream is a good food, if taken with 

something else, but be sure of your ice 

cream. "Hokey pokey" cream, tested 

in a New York school lal)oratory, 

showed the presence of many more 

colonies of Imcterin than gooti milk 

would show. Above all, tx^ sure the 

food you buy is clean. Stimds on Ihe 

street, exposed tii dust :md germM, 

often sell food far from tit for human 

consumption. 

If you eat your lunch on the street 

near your school, rememlier not to A wniiibi.-Uiiicii !«.■( saniniry 

scatter refuse. Pa[KT, bit*; of lunch, 

and the like scatten^i on the streets around your sch<H)l show lack 

of school spirit and lack of civic prid<\ Let us li-arn above all 

other things lo be go<Ki cltiz<'ns. 

Inspection of Factories, Public Buildings, etc. — It is the duty 
of a city lo inspect the condition 
of all public huihlings and espe- 
cially of fjictories. Inspection 
should inelude, first, the super- 
vision of the work undertaken. 
Certain trades where grit, dirt, 
or poison fumes arc given off 
are dangerous to human health, 
hence care for the workers be- 
<'omes a necessity. Factories 
should also be inspected as to 
cleanliness, the amount of air 
space per person employed, 
ventilation, toilet facilities, and 
proper fire protection. Tene- 
ment inspection should \>e 

thorough and should aim to provide safe and sanitary homes. 
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Inspection of Food Supplies. — In a city certnin rrKnlution.s fur 
the care of public supplies are uecessary. Foodd, both freah and 
preserved, must be inspected and rendered safe for the thousands 
of people who are to use them. All raw foods exposed on stands 
should be covered so as to prevent insects or dust laden with 
bacteria from coming in contact with them. Meats must )>e in- 
spected for diseases, such as tuberculosis in beef, or trichinosis in 
pork. Cold storage plants must be inspected to prevent the keep- 
ing of food until it becomes unfit for use. Inspection of sanitary 
conditions of factories where products are canned, or bakeries 
where foods are prepared, must be part of the work of a city in 
caring for its citizens. 

Care of Raw Foods. — Each one of US may cooperate with the 
city government by remembering that fruits and v^etables can 
be carriers of disease, especially if they arc sold from exposed stalls 
or carts and handhMl by the passers-by. All vegetables, fruits, or 
raw foods should lie carefully washed before using. Spoiled or 
overripe fruit, as well as meat which is decayed, is swarming with 
bacteria and should not be used. 

An interesting exercise would be the inspection of conditions 
in your own home block. Make a map showing the houses on the 
block. Locate all stores, saloons, factories, etc. Notice any cases 
of contagious disease, marking this fact on the map. Mark all 
heaps of refuse in the street, all un<-overed garbage pails, any street 
.■stands that sell uncovered 
fruit, and any stores with 
an excessive number of 
flies. 

In addition to food in- 
spection, two very impor- 
tant supplies must be ren- 
dered safe by a city for its 
citizens. These are milk 
and water. 

Care in Production of 
Milk. — Milk when drawn 
from a healthy cow should 
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be free from bacteria. But immediately on reaching the air it 
may receive bacteria from the air, from the hands of the person 
who milks the cows, from the pail, or from the cow herself. Cows 
should, therefore, be milked in surroundings that are sanitary, 
the milkers should wear clean garments, put on over their ordinary 
clothes at milking time, while pails and all utensils used should 
be kept clean. Rspecially the surface exposed on the udder from 
which the milk is drawn should })0 cleansed l)efore milking. 

Most large cities now send inspectors to the farms from which 
milk is supplied. Farms that do not accept certain standards of 
cleanliness are not allowed to have their milk become part of the 
city supply. 

Tuberculosis and Milk. — It is recognized tliat in some Euro- 
pean countries from 30 to 40 per cent of all cattle have tuberculosis. 
Many dairy herds in this country are also infected. It is also 
known that the tulwrcle bacillus of cattle and man are much alike 
in form and action and that probably the gorm from cattle would 
cause tuberculosis in man. Fortimately, the tuberculosis germ 
doc^s not grow in milk, so that cvvn if milk from tubenjular cattk^ 
should get into our supply, it would be dilutcHl with the milk of 
healthy cattle. In order to protect our milk supply from these 
germs it would be necessary to kill all tubercular cattle (almost an 
impossibility) or to pasteurize* our milk so as to kill the germs in it. 

Other Disease Germs in Milk. - W(* have aln^ady shown 
how typhoid may b(^ spread tiirough milk. Usually such out- 
breaks may be traced to a single* cas(* of typhoid, often a person 
who is a *' typhoid carrier,'^ i.e. one who may not suffer from the 
effects of the disease, but who carries the germs in his body, spread- 
ing them by contact. A nM*ent (epidemic of typhoid in N(^w York 
City was traccMl to a single typhoid carrier on a farm far from the 
city. Sometimes the milk cans may be washed in conlaminatcMl 
water or the cows may even get the germs on their udd(Ts by wad- 
ing in a polluted stream. Diphtheria, scarlet fever, and Asiatic 
cholera are also undoubtedly s])read through milk suppliers. Milk 
also Inlays a very important part in the* high death rate from diar- 
rheal diseases among young children in warm wc^ather. Why? 

Grades of Milk in a City Supply. — Milk which comes to a city 
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A (lia^raiii to sliow how typhoid may ^M» Hproml in :i oity through an inforii'd milk 
supply. Thr hIjM'k .siM)t8 in thr* hlorkn mean cantos of typhoid. .1. a farm 
whore typhoid exists; tho danhcH in ihr stroots repn-wint tho milk rout4*. H in 
a ^<f»rond farm which sonds part of its milk to .1 ; tho milk cans from H arc 
washrd at farm .1 and hcmH hack to H. A frw casc*s of typhoid appear alone 
ft's milk rout«'. How do you account for that? 

may b(^ roughly plac(»fl in throe (liff(T(Mit rhiss(»s. The best milk, 
(•oming from farms when* thc^ high(»st sanitary standards exist, 
\vh(»re the cows are all tubercular test(Hl, when* modern appliances 
for handling and ("ooling the milk exist, is known as certified or, in 
New York City, grade A milk. Most of the milk sold, however, 
is not so pure nor is so much care taken in handling it. Such milk, 
known in New York jis grade B milk, is pasteurized before de- 
livery, and is sold only in bottles. A still lower grade of milk 
(dipped milk) is sold direct from cans. It is evident that such 
milk, often (exposed to dust and other dirt, is unfit for any purpose 
except for cooking. It should under no circumstances be used for 
children. A regulation recently made by the New York City 
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Dopartnofnt of Health Ktat(>8 that milk sold " loose " in restaurants, 
iimch-roomw, sod.i fountains, and hotels must lie pa-sleuriiicd. 

Care of a City Milk Supply. — Besides (.■ariug for milk in its 
production on the farm, proper transportation facilities must be 
provided. Much of the milk used in New York City is forty-eight 
hours old before it reaches the consumer. During shipment it 
must be kept in refrigerator cars, and during transit to customers it 
should be iced. Why? All but the highest grade milk should be 
pasteurized. Why? Milk should be Irottled by machinery if 
possible BO as to insure no personal contact ; it should be kept in 
clean, cool places; and no milk should Ik? sold by dipping from 
cans. Why is this a method of dispensing impure milk? 

Care of Milk in the Home. ^ Finally, milk at home should re- 
ceive the best of care. It should be kppt on ice and in covered 
bottles, because it readily 
takes up the odors of other 
foods. If we are not cer- 
tain of its purity or keep- 
ii^ qualities, it should l>e 
pasteurized at home. 
Why? 

Water Supplies. — One 
of the greatest assets to 
the health of a large city 
is pure water. By pure 
water we mean water free 
from all organic impurities, 
including germs. Water 
from springs and deep 
driven wells is the safest 
water, that from large 
reservoirs next best, while 
water that ha« drainage 
in it, river water for ex- 
ample, is very unsafe. 

The waters from deep '^^l" ■? ^^.*'"ie'! J^,^'"^ '".".'"' 
' wiiter from the Cutskill MoutituiiiB 

wells or springs if properly Vork city. 
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prnti'rlifl will I'lmhiiii im liinliriii. WiitiT liiki-ii fniui prolri'lnil 
striitiins into wliiuli iiu Miwiifrc Muwri will luivit but t'(.-w iKwU-riit. utid 
thone will \»' cicstroypd if oxiKKicd to the tuition of the sun and tlic 
coiistunt aeration (mixing with oxyp-n) which the surface water 
rpc«ives in a Inrge hikt- or reservoir. But water taken from a river 




ph..id. 



into which the sewage of other towns an«l cities flows must Ik- 
filtiTwl iM^fore it is fit for use. 

Typlioiil fi'ver germs live in the fowl tube, hence the excreta of 
a ly|ih(ii(l [»;ilient will contain large numliers of germs. In a city 
willi a system of sewage such gemis might eventually pass from 
the sewei-s into n river. Many cities take their water supply 
directly from rivei-s, sometimes not far below another lai^e town. 
Siicli cities must take many germs into their watiT supply. Many 
cities, as Cleveland and BiifTalo. take I heir water from lakes into 
which their sewage flows. ( >thers, as Albany, Pittsburgh, and Phila- 
rlelphia, take their drinking water directly from rivers into which 
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Albany, N. V. 



sewage from cities above them on the rivek'has flowed. Filter- 
ing su<;h water by means of passing the water through settling 
basins and sand filters removes about 98 per cent of the germs. The 
result of drinking unfiltered and filtered water in certain hirge cities 
is shown graph- 
ically at right. 
In cities which 
drain their sewage 
into rivers and 
lakes, the question 
of sewage disposal 
is a large one, and 
many cities now 
have means of dis- 
posing of their sew- 
age in some man- 
ner as to render it 
harmless to their 
neighbors. 

Railroads are often responsible for carrying typhoid and spread- 
ing it. It is said that a recent outbreak of typhoid in Scranton, 
Pa., was due to the fact that the excreta from a typhoid patient 
traveling in a sleeping car was washed by rain into a reservoir nestr 
which the train was passing. Railroads are thus seen to be great 
open sewers. A sanitary car toilet is the only remedy. 




"^usca of typlioid [«;r 100.000 iuhubilants before fillnring 
wntersupplv (aolid) and after (Hh ill U-d) in A. Water- 
town. N.Y.; fl.Albany, N.Y.; <-. I.uwrfnce, Mhsb.: 
D. Cindiinati. Ohio. What U tlie effert of ftlterins 
thc^ wntc^r supply ? 
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Sewage Disposal. — Sewage disjwsal is an importjint sanitary 
prublcrii for any cily. Some ('Hies, like New York, pour tlifir 
sewage directly into rivers which ll<)w into the oceiin. Conse- 
quently much of the liquid which hatlies the shores of Manhattan 
Islami is dilute sewage. Other cities, like Buffalo or Cleveland, -send 
their sewage into the lakes from whieh they obtain their supply of 
drinking water. Still other eitieti which an' on rivers are forced to 
dispose of their sewage in various ways. Some have a .«ystem of 
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filter beds in which tlie solid wa.st-es aro act«d upon by the bacteria 
of decay, so that they can I>e follocted and unatl as fertilizer- 
Others precipitate or condense the solid materials in the sewage 
and then dispose of it. Anotlier method is to flow th(t sewage over 
large areas of laud, luter using this land for the eultivatiun of crops. 
This method is used liy many small European cities. 

The Work of the Department of Street Cleaning. — In any 
city a menace to the hetdth of its citizens exists in the refuse and 
garbage. Ttie city streets, when dirty, contain countless millions 
of germs which have come from decaying material, or from people 
ill with disease. In most 
lai^e cities a department 
of street cleaning not only 
cares for the removal of 
dust from the streets, but 
also has tlie removal of 
garbagt!, ashes, imd other 
waste as a part of its 

work. The disiKjsul of ,. „ .. , 

solid wa>*tes is a tremen- 
dous Umk. In Manhnllan the dry wastes are estininled to be 
l,fl(K>,()<K)t(ins a your in addition to alioiil 17.'>.(HH) tons of garbage. 
Prior to ISSI.'i in the city of New York garliage wjis not separated 
fn»m ashes ; now the law re<|uires that garbag<- be placed in separate; 
receptaeii'S from iislies. Do you see why? The street-cleaning 
department should lie aided l)y every citizen ; rules for the separa- 
tion of garhiige, pajwrs, and asiies should !«■ kept. (Garbage and 
iish cans sliould be aivpreii. The prsietiee of lll)setting ash or gar- 
]>B^f- c^ans is one which no young citizen should allow in his neigh- 
Ixjrhood, for sanitarj' rea.sons. The liest results in summer street 
cleaning are obtained by washing or flushing the streets, for thus 
the dirt containing germs is prevented from getting into the air. 
The garbage is removed in carts, and part of it is burned in huge 
furnaces. The animal and plant refuse is cookcti in great tanks; 
from this mati-ria! the fats are extritct^'d, and the solid matter is 
sold for fertilizer. .Ashes are used for filling marsh land. Thus 
the removal of waste matter may pay for itself in a large city. 
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An Eiperiment in Civic Hygiene. — During the summer of 1913 
an interesting experiment on the relation of flies and filth to disease 
was carried on in New York City by the Bureau of Public Health 
and Hygiene of the New York Association for improving the con- 

dition of the poor. 

Two adjourning blocks 
were chosen in a 
thickly populated part 
of the Bnmx near a 
number of stables 
which were the 
sources of great num- 
bers of flies. In one 
block all houses were 
streened, garbage pails 
were fui-nished with 
covers, refuse was re- 
moved and the sur- 
roundings made as 
sanitary as possible. 
In the a<li<iining block 
conditiuns were ief) 
unchanged. During 
1 he summer ;is flies 
brRiin to breed in Ihe 
manure heaps near the 
si iibles hII mjinurc was 
disinfecteii. Thus the 
brcedinu of flics was 
cliccki'd. The cam- 
paign of education was 
coiilhiucil (luriiifi the sninnici' by (ueans of moving pictures, 
nurses, boy scimts, and school children who became interested. 

At the end of the summer it was found that there had been a 
considerable decrease in t he number of cases of fly-carried diseases 
aii<l a still Kreater decrease in the total days of sickness (especially 
of cliiklrcn) in the screened and siinitary block. The table and 




m 


m 

MM 


i 


SRp 


P"^ 


fl 



MAN'S IMPI{0\'i:-\llC.\T OK HIS ICWIUOXMIINT .JSO 

l»irhirc8 K]M>ak for tlimisclves. If siirh ii Kmall cxpcrimont shows 
nwults like Ihis, then what might a general cdeatiup of a city show ? 

Public Hygiene. — Although it is absolutely necessary for each 
individual to obey the laws of health if he or she wishes to keep 
well, it has also Ije- 
(^ome iiecessiiry, espe- 
cially in large cities, 
to have general suptjr- 
vision over the health 
of people living in a 
community. This is 
done by means of a 
department or board 
of health. It is the 
function of this de- 
partment t« oare for 
public health. In ad- 
dition to such a body 
in cities, supervision 
over the health of its 
citizens is also ext-r- 
cised by state l>oartls 
of health. But as yet 
the government of the 
United States has not 
established a Bureau 
of Health, important 
as such a bureau 
would be. 

The Functions of a 
City Board of Health. 
— The administration 

of the Board of Health in New York f'ity includes a number of 
divisions, each of which has a different work to do. Each is in 
itself important, and, working together, the entire machine provides 
ways and means for making the great city a safe and sanitary 
place in which to live. I^'t us take up the work of each division 
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of the health board in order to find out how we may cooperate with 
them. 

The Division of Infectious Diseases. — Infectious diseases are 
chiefly spread through personal contact. It is the duty of a gov- 
ernment to prevent a person having such a disease from spreading 
it broadcast among his neighbors. This can be done by quarantine' 
or isoUUion of the person having the disease. So the board of 
health at ()n(;(» isolates any ease of disease which may be communi- 



DISEASES 


RLTHYAREA 


CLEANED-UP AREA 


TOTAL 
5ICKNE55 


165 


110 1 


x)niiUNiCABLc maSm 


36 1 


COMMUNCABLC 


las^^^^H 


71 1 


POSSIBLY mmsBmm 

FLY-BORNE PKiaHi 


Ml 



Comparison of cases of illness during the summer of 1913 in two city blocks, one 
clean and the other dirty. What are your conclusions? 



eated from one person to another. No one save the doctor or 
nurse should enter the room of the person quarantined. After 
the disease has run its course, the clothing, bedding, etc., in the 
sick room is fumigated. This is usually done by the board of 
health. Formaldehyde in the form of candles for burning or in a 
liquid form is a good disinfectant. In disinfecting the room should 
be tightly closed to prevent the escape of the gas used, as the 
object of the disinfection is to kill all the disease germs left in the 
room. In some cases of infectious disease, as scarlet fever, it is 
found best to isolate the patients in a hospital used for that pur- 
pose. Examples of th(j most infectious diseases are measles, 
scarlet fever, whooping cough, and diphtheria. 

Immunity. — In the prevention of germ diseases we must fight 
the germ by attacking the parasites directly with poisons that will 
kill them (such poisons are called germicides or disinfectants), and 
we must strive to make the persons coming in contact with the 
disease unlikely to take it. This insusceptibility or immunity may 
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be either natural or acquired. Natural immunity seems to be in 
the constitution of a person, and may be inherited. Immunity 
may be acquired by means of such treatment as the antitoxin 
treatment for diphtheria. This treatment, as the name denotes, 
is a method of neutralizing the poison (toxin) caused by the bacteria 
in the system. It was discovered a few years ago by a German, 
Von Behring, that the serum of the blood of an animal immune 
to diphtheria is capable of neutralizing the poison produced by 
the diphtheria-causing bacteria. Horses are rendered immune by 
giving them the diphtheria toxin in gradually increasing doses. 
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Antitoxin for diphtheria prepared by the New York Board of Health. 

The serum of the bjood of these horses is then used to inoculate the 
patient suffering from or exposed to diphtheria, and thus the dis- 
ease is checked or prevented altogether by the antitoxin injected 
into the blood. The laboratories of the board of health prepare 
this antitoxin and supply it fresh for public use. 

It has been found from experience in hospitals that deaths from 
diphtheria are largely preventable by early use of antitoxin. 
When antitoxin was used on the first day of the disease no deaths 
took place. If not used until the second day, 5 deaths occurred 
in every hundred cases, on the third day 11 deaths, on the 4th 
day 19 dcniths, and on the 5th day 20 deaths out of (^very hun- 
dred (?as<'s. It is therefon^ advisable*, in ii susp(H*ted case of 
diphtheria, to hav(^ antitoxin useil at once* to i)r(iV(»nt s(»rious 
results. 

Vaccination. — Smallpox was once the most feared disease in 
this country ; 95 per cent of all people suff(»red from it. As late 
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as 1898, over 50,000 persons lost their lives annually in Russia 
from this disease. It is probably not caused by bacteria, but by 
a tiny animal parasite. Smallpox has been brought under abso- 
lute control by vaccination, — the inoculation of man with the 
substance (called vims) which causes cowpox in a cow. Cowpox is 
like a mild form of smallpox, and the introduction of this virus 
gives complete immunity to smallpox for several years after vac- 
cination. This immunity is caused by the formation of a ger- 
micidal substance' in the blood, due to the introduction of the 
virus. Another function of the board of health is the prepara- 
tion and distribution of vaccine (material containing the virus 
of cowpox). 

Rabies (Hydrophobia). — This disease, which is believed to be 
caused by a protozoan parasite, is communicated from one dog to 
another in the saliva by l)iting. In a similar manner it is trans- 
ferred to man. The great French bacteriologist, Louis Pasteur, 
discovered a method of treating this disease so that when taken 
early at the time of the entry of the germ into the body of man, 
the disease can be prevented. In some large cities (among them 
New York) the board of health has established a laboratory where 
free treatm(*nt is given to all persons bitten by dogs suspected of 
having rabies. 

Vaccination against Typhoid. — Typhoid fever has within the 
pjist five ycMirs received a new cheek from vaccination which has 
been introduced into our army and which is being used with good 
effect })y the health departments of several large cities. 

The following figures show the differences between number of 
cases and mortality in the army in 1898 during the war with Spain 
and in 1911 during the concentration of certain of our troops at 
San Antonio, Texas. 

1898 — 2nd Division, 7th Army Corps, Jacksonville, Florida. 

June-October, 1898 

Mean streiigtli, 10,759. 

erases of typhoid certain and probable, 2693. 

Death from typhoid, 258. 

Death from all diseases, 281. 
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Manceuver Division, San Antonio, Texas. March 10-July 11, 

1911. 

Mean strength, 12,801. 
Cases of typhoid, 1. 
Death from typhoid, 0. 
Deaths all diseases, 11. 

During this period there were 49 cases of typhoid and 19 deaths 
in the near-by city of San Antonio. But in camp, ivhere vaccination 
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learned about combating typhoid since 1898 ? 

for typhoid was required, all were practically immune. In the army 
at largo, since typhoid vaccination has been practiced, 1908-1909, 
the death rate from typhoid has dropped from 2.9 per 1000 to 
.03 per 1000, a wonderful record when we remember that during 
the Spanish-American War 86 per cent of the deaths in the. army 
were from typhoid fever. 

How the Board of Health fights Tuberculosis. — Tuberculosis, 
which a few years ago killed fully one seventh of the people who 
died from disease in this country, now kills less than one tenth. 
This decrease has been largely brought about because of the treat- 
ment of the disease. Since it has been proved that tuberculosis if 
taken early enough is curable, by quiet living, good food, and 
plenty of fresh air and light, we find that numerous sanitaria have 
come into existence which are supported by privat<> or public 
means. At these* sanitaria the patients live out of doors, especially 
sl(H»p in tht' air, while tlu\v have plenty of nourishing food and 
little «'x<Tcis('. The (l('|);Lrtin('iit of health of New York City main- 
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tains a sanitarium at Otisville in the Catskill Mountains. Hrre 
people who are unable to provide means for getting away Irom the 




city are caretl for at tlie city's expense and a large percentf^o of 
them are cured. In this way and by tenement house laws which 
require proper air shafts and window ventilation in dwellings, by 
laws against spitting in public places, and in other ways, the boards 
of hpjilth in our town* and cities are waging war on tuberculosis. 
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Ex-President Roosevelt said, in one of his latest messages to 
Congress : — 

** There are about 3,000,000 people seriously ill in the United 
States, of whom 500,(XX) are consumptives. More than half of 
this illness is preventable. If we count the value of each life lost 
at only $1700 and reckon the average earning lost by illness at 
$700 a year for grown men, we find that the c^^onomic gain from 
mitigation of preventable disease in the Unitcnl States would ex- 
ceed $1,500,000,000 a year. This gain can be had through medical 
investigation and i)ractice, school and factory liygiene, restriction 
of labor by women and children, the education of the people in 
both public and private hygiene, and through improving the effi- 
ciency of our health servic^e, municipal, state, and national." 

Work of the Division of School and Infant Hygiene. — Besides 
the work of the division of infectious disease, the division of sani- 
tation, which regulates the general sanitary conditions of houses 
and their surroundings and the division of inspection, which looks 
after the purity and conditions of sale and delivery of milk and 
foods, there is another department which most vitally concerns 
school children. This is the division of school and infant hygiene. 
The work of this department is that of the care of the children of 
the city. During the year 1912, 279,776 visits were made to the 
homes of school children of the city of New York by inspectors 
and nurses. Besides this, thousands of children in school were 
cared for and aided by the city. 

Adenoids. — Many children suffer needlessly from adenoids, — 
growths in the back of the nose or mouth which prevent suflftcient 
oxygen being admitted to the lungs. A child suffering from these 
growths is known as a ** mouth breather " because the mouth is 
opened in order to get moVe air. The result to the child may be a 
handicap of deafness, chronic running of the nose, nervousness, 
and lack of power to think. His body cells are starving for oxygen. 
A very simple operation removes this growth. Cooperation on the 
part of the children and parents with the doctors or nurses of the 
board of health will do much in removing this handicap from many 
young lives. 

Eyestrain. — Another handicap to a boy or girl is eyestrain. 
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Twenty-two per cent of the school children of Massachusetts 
were recently found to have defects in vision. Tests for defective 
eyesight may be made at school easily by competent doctors, and 
if the child or parent takes the advice given to correct this by 
procuring proper glasses, a handicap on future succeas will be 
removed. 

Decayed Teeth. — Decayed tiH^th are another handicap, cared 
for by this division. Free dental clinics have betm established in 
many cities, and if children will do their share, the chances of their 
success in later life will be greatly aided. Boys and girls, if handi- 
capped with poor eyes or teeth, do not have a fair chance in life's 
competition. In a certain school in New York City there were 
236 pupils marked *' C " in their school work. These children 
were examined, and 126 were found to have bad teeth, 54 
defective vision, and 56 other defects, as poor hearing, adenoids, 
enlarged tonsils, etc. Of these children 185 were treated for 
these various difficulties, and 51 did not take treatment. During 
the following year's work 176 of these pupils improved from '' C " 
to '' B " or " A ", while 60 did not improve. If defects are such 
a handicap in school, then what would be the chances of success 
in life outside. 

In conclusion : this department of school hygiene deserves the 
earnest aid of every young citizen, girl or boy. If each of us 
would honestly help by maintaining quarantine in the case of 
contagious disease, by observing the rules of the health depart- 
ment in fumigation, l)y acting upon advice given in case of eye- 
strain, bad teeth, or adenoids, and most of all by observing the 
rules of personal hygiene as laid down in this book, the city in 
which we live would, a generation hence, contain stronger, more 
prosperous, and more efficient citizens than it does to-day. 
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XXV. SOME GREAT NAMES IN BIOLOGY 

If wc were to attempt to group the names as.so(;iate(l with the 
study of biology, we would find that in a general way they were 
connected either with discoveries of a purely scientific nature or 
with the benefiting of man\s condition by the application of the 
purely scientific discoveries. The first group are necessary in a 
science in order that the second group may apply their work. It 
was necessary for men like Charles Darwin or Gregor Mendel to 
prove their theories before men like Luther Burbank or any of 
the men now working in the Department of Agriculture could 
benefit mankind by growing new varieties of plants. The dis- 
covery of scientific; truths must b(* achieved before the men of 
modern mtHlicim^ can apply those great truths to the cure or pn^- 
vention of disetis(\ Sincc^ wc are most int(T(\sted in discov(»ries 
which touch dinn-tly upon human lif(% the men of whom this cha])- 
ter tn^ats will hv those who, <lire(^tly or indin^ctly, have benefited 
mankind. 

The Discoverers of Living Matter. — The names of a numlx^ of 
m(*n living at different periods are iissociated with our first knowl- 
edge of cells. A])out th(i middle of the seventeenth (H^ntury micro- 
scopes viiinv into use. Through their use plant cells were first, 
descfribed and pictured ius hollow boxes or '* ('ells.^' But it wjis 
not until 1838 that two German friends, SchleidiMi and Schwann 
by name, working on plants and animals, discovered that both of 
these forms of life containtnl a jellylike substance that later came 
to be called protoplasm. Another German named Max Schultz in 
1861 gave the name protoplasm to all liinng mattery and a little later 
still Prof(»ssor Huxley, a famous Englishman, friend and champion 
of Charles Darwin, called attention to the physical and chemical 
qualities of protopUusm so that it came to be known as the chemical 
and physical basis of life. 

398 
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Life comes from Life. — Anyth^r group of moii, after years of 
patient ('xporimontfttioH, workwi out the fart, that life cotnes from 
other life. In annoiit timcn it 
was thought that life arose 
spontanemisly; for example, 
that fish or frogs arose out of 
the mud of the river bottoms, 
and that insects name from the 
dew or rotting meat. It was 
believed that bacteria arose 
spontaneously in water, even 
as late as 1876, when Professor 
Tyndall proved by experiment 
the contrary to be true. 

As early as 1651 William 
Harvey, the court physician of 
Charles I of England, showed 
that all life came from the egg. 
It was much later, however, 
that the part ptaye<I by the 
sperm and egg cell in fertiliza^ 
tion was carefully worked out. 
It is to Harvey, too, that we 
owe the beginnings of our 
knowledge of the circulation 
of the blood. He showed that 
blood moved through tubes in the body and that the heart pumped 
it. He might be called the father of modern physiology as well 
as the father of embryology. A long list of names might be added 
to that of Harvey to show how gradually our knowledge of the 
working of the human body has been added to. At the present 
time we are far from knowing all the functions of the various parts 
of the human engine, as is shown by the number of investigators 
in physiologj' at the present time. Present-day problems have 
much to do with the care of the human mechanism and with its 
surroundings. The solution of these problems will come from ap- 
plying the sciences of hygiene, preventive medicine, and sanitation. 
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SOME GUICAT NAMRS IN BIOLOGY 



In the precitdiDg chapters of this hook we havu lenrnwl sumi-- 
thing about our bodies and their care, Wn have founil that man 
is able within Hmitations to control his environment so as to make 
it better to hve in. All of the scientific facts that have been of 
use to man in the control of disease have been found out by men 
who have devoted their lives in the hope that their experiments 
and their sacrifices of time, energy, and sometimes life itself might 
make for the betterment of the human race. Such men were 
Harvey, Jenner, Lister, Koch, and Pasteur. 

Edward Jenner and Vaccination. ^ The civilized world owes 
much to Edward Jenner, the discoverer of vaccination against 
smallpox. Born in Berkeley, a little town of Gloucestershire, Eng- 
hmd, in 1749, as a boy he 
showed a strong liking for nat- 
ural history. He studied medi- 
cine and also gave much time to 
the working out of biological 
problems. As early as 1775 he 
began to associate the disease 
called cowpox with that of 
smallpox, and gradually the 
idea of inoculation against this 
terrible scourge, which killed or 
disfigured hundreds of thou- 
sands every year in England 
alone, was worked out and ap- 
plied. He believed that if the 
two diseases were similar, a per- 
son inoculated with the mild 
disease (cowpox) would after a 
slight attack of this disease be 
immune against the more deadly and loathsome smallpox. It was 
not until 1796 that he was able to prove his theory, as at first few 
people would submit to vaccination. War at this time was being 
wagctl between France and England, so that the former country, 
u-sually so quick to appreciate the value of scientific discoveries, was 
slow to give this method a trial. In spite of much opposition, how- 
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ever, by the year 1802, vaccination was practiced in most of the 
civilized countries of the world. At the present time the death rate 
iu Great Britain, tlie home of vaccination, is less than .3 to every 
1,000,000 living persons. This sliows that the disease is practically 
wiped out in England. An inUiri'sting eumparisun with these 
figureti might l>e made from the history of the (li^eaae in parts of 
Russia where vaccination is not practiced. There, thousands of 
deaths from smallpox occur annually. During the winter of 
1913-1914 an epidemic of smallpox with mon^ than 250 oa«« 
broke out in the (;ity of Niagara Falls. This epidemic appears 
to be due to a campaign contlucted by people who do not l)elieve 
in vaccination. In cities and towns near by, wh<;re vaccination 
was practiced, no cases of smallpox occurred. Naturally if oppo- 
sition to vaccination is found nowadays, Jenner had a much 
harder battle to fight in his day. He also had many failures, due 
to the imperfect methods of his time. The full worth of his dis- 
covery was not fully appreciated until long after iiis death, which 
occurred in 1823, 

Louis Pasteur. — The one nian who, in biological science, did 
more than any other to directly lK>nefit mankind was Louis Pasteur. 
Bom in 1822, in the mountainf; 
near the l)order of northeastern 
France, he spent the early jinrt 
of his life as a normal boy, fond 
of fishing and not very partial 
to study. He inherited from 
his father, however, a fine char- 
acter and grim determination, 
so that when he became inter- 
ested in scientific pursuits he 
settled down to work with en- 
thusiasm and energy. 

At the age of twenty-five he 
became well known throughout 
France as a physicist. Shortly 

after this he Ix'came interested in the tiny plants we call bac- 
teria, jin<l it was in the field of bacteriology tliat he Iwcame most 
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famous. First as professor at Strasburg and at Lille, later as 
director of scientific studies in the Ecole Normale at Paris, he 
showed his interest in the application of his discoveries to human 
welfare. 

In 1857 Pasteur showed that fermentation was due to the pres- 
ence of bacteria, it having been thought up to this time that it 
was a purely chemical process. This discovery led to very 
practical ends, for France was a great wine-producing country, 
and with a knowledge of the cause of fermentation many of the 
diseases which spoiled wine were checked. 

In 1865-1868 Pasteur turned his attention to a silkworm dis- 
ease which threatened to wipe out the silk industry of France and 
Italy. He found that this disease was caused by bacteria. After 
a careful study of the case he made certain recommendations 
which, when carried out, resulted in the complete overthrow of the 
disease and the saving of millions of dollars to the poor people of 
France and Italy. 

The greatest service to mankind came later in his life when he 
applied certain of his discoveries to the treatment of disease. 
First experimenting upon chickens and later with cattle, he proved 
that by making a virus ^poison) from the germs which caused 
certain diseases he could reduce this virus to any desired strength. 
He then inoculated the animals with the virus of reduced strength, 
giving the inoculated animals a mild attack of the disease, and 
found that this made them immune from future attacks. This 
discovery, first applied to chicken cholera, laid the foundation for 
all future work in the uses of serums, vaccines, and antitoxins. 

Pasteur was i)erhaps the best known through his study of 
rabies. The great Pasteur Injstitute, founded by popular sul)- 
scriptions from all over the world, has successfully treated over 
22,000 cases of rabies with a death rate of less than 1 per cent. 
But more than that it has been the place where Roux, a fellow 
worker with Pasteur, discovered the antitoxin for diphtheria which 
has resulted in the saving of thousands of human lives. Here 
also have been established the principles of inoculation against 
buboni(! plague, lockjaw, and other germ diseases. 

Pixsteur died in 1895 at the age of seventy-three, " the most 
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perfect man in the reabn of science," a man beloved by his coun- 
trymen an<l honored by the entire world. 

Robert Koch. — Another numn .■uworiated with the battle 
against disease ^erms is that of Robert Koeh. Horn in Klausthal, 
Hanover, in 1843, he later be- 
came a practicing phyi^iciaii, 
and about 1880 was called to 
Berlin to become a meml>er of 
the sanitary commission and 
professor in the school of medi- 
cine. In 1881 he discovered 
the germ that causes tubercu- 
losis and two years later the 
germ that causes Asiatic chol- 
era. His later work has i)een 
directed toward the discovery 
of a cure for tiil>erculosis and 
other germ diseases. .\3 yet, 
however, no certain cure seems 
to have Xyenn found. 

Lister and Antiseptic Treat- 
ment of Wounds. — A third 
great benefactor of manlcind 
was Sir Joseph Lister, an Eng- 
lishman who was born in 1827. 
As a professor of surgery he first applied antiseptics in the op- 
crating room. By means of the use of carlxilie acid or other 
antiseptics on the surface of wounds, on instruments, and on 
the hands and <:lothing of the opt^ating surgeons, diseas<^ germs 
wore jirt^vcnted from taking a foothold in the wounds. Thus 
blood poisoning was prevented. This single discovery has done 
more to pn^vent iUiath after operations than any other of recent 
time. 

Modern Workers on the Blood. — At the present time several 
names stand out among investigators on the blood. Paul Ehrlich, 
a (ierman bom in 1854, is justly famous for his work on the blood 
and its relation to immunity from certain diseases. His last 
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great research has given to tlie workl a speeifio against the dread 
disease syphilis. 

Another name asaoeiat-ed with tlie Wood is tliat uf Eliaw Metch- 
nikoff, a Knssian. He van born in IS45. Meti'hiiikoff first 
luivaneed the belief that lliecolorless blood (Torpiineles, or />/(ny«f!/((N, 
did service as the sanitary police of the bo(iy. He has found tliat 
there are several different kinds of colorless corpuscles, each having 
somewhat different work to <lo. Much of the modem work done 
l»y physiologists on the iiloo<l are directly founded on the dis- 
coveries of Metchnikoff. 

Heredity and Evolution. Charles Darwin. — There is .still an- 
other important line of investigation in biology that we have not 
mentioned. This is the doctrine of evolution and the allied dis- 
coveries along the line of heredity. The development or evolution 
of plants and animals from simpler forms to the many and present 
complex forms of life have a practical Itearing on the betterment 
of plants and animals, in- 
cluding man himself. The 
one name indelibly associ- 
atetl with the word evoln- 
titm is that of Charles 
Darwin. 

( 'harles Darwin was Imrn 
on February 12, 1809. a son 
of well-to-do parents, in t he 
pretty English village of 
Shrewsbury. As a boy he 
was very fond of out-of- 
door life, was a collector of 
birds' eggs, stamps, coins, 
shells, and minerals. He 
wa^ an ardent fisherman, 
and as a young man be- 
came an exi>ert shot. His studies, those of the English clas.sical 
s<;hool, were not altogether Ijj his liking. It is not strange, per- 
haps, that he was thought a very ordinary Iwy, Ix'cause his in- 
terest in t he out-of-<ioors led him to neglect his studies. letter he 
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was s(»nt to Edinburgh University to study medicine. Hero the 
dull lectures, coupled with his intense dislike for operations, made 
him determine never to become a physician. But all this time he 
showed his intense interest in natural history and took frequent 
part in the discussions at the meetings of one of the student zo- 
ological societies. 

In 1828 his father sent him to Cambridge to study for the 
ministry. His three years at the university were wasted so far 
as preparation for the ministry were concerned, but they were in- 
valuable in shaping his future. He made the acquaintance of one 
or two professors who were naturalists like himself, and in their 
company he spent many happy hours in roaming over the coun- 
tryside collecting beetles and other insects. In 1831 an event 
occurred which changed his career and made Darwin one of the 
world's greatest naturalists. He received word through one of 
his professional friends that the position of naturalist on her 
Majesty's ship Beagle was open for a trip around the world. Dar- 
win applied for the position, was accepted, and shortly after started 
on an eventful five years' trip around the world. He returned to 
England a famous naturalist and spent the remainder of his long 
and busy life producing books which have done more than those 
of any other writer to account in a satisfactory way for the changes 
of form and habits of plants and animals on the earth. His 
theories established a foundation upon which plant and animal 
breeders were able to work. 

His wonderful discovery of the doctrine of evolution was due 
not only to his information and experimental evidence, but also 
to an iron determination and undaunted energy. In spite of 
almost constant illness l)rought about by eyestrain, he accom- 
plished mon^ than most well men have done. His life should 
mean to us not so mucli the jissociation of his name with the 
Origin of Species or Plants and Animals utuler Domestication^ 
two of Ills most famous l)ooks, but ratlier tliat of a patient, 
courteous, iiiul brave gcMitleman who struggled with true English 
pluck ajiiainst the odds of dis(^as(» and tlie attacks of hostile critics. 
H(* gave to tlu^ world the ])roofs of tli<^ th(H)ry on which we to-day 
base the progress of tlie world. Darwin lived long enough to see 
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many of his critics turn about and come over to his beliefs. He 
(lied on the 19th of April, 1882, at seventy-four years of age. 

Associated with Darwin's name we must place two other co- 
workers on heredity and evolution, Alfred Russel Wallace, an 
Englishman who independently and at about the same time 
reached many of the conclusions that Darwin came to, and August 
Weissman, a German. The latter showed that the protoplasm of 
the germ cells (eggs and sperms) is directly handed down from 
generation to generation, they being diflferent from the other body 
cells from the very beginning. In 1883 a German named Bovari 
discovered that the chromosomes of the egg and the sperm cell 
were at the time of fertilization just half in number of the other 
cells (see page 252) so that a fertilized egg was really a whole cell 
made up of two half cells^ one from each parent. The chromosomes 
within the nucleus, we remember, are believed to l)e the bearers 
of the hereditary qualities handed down from parent to child. 
This discovery shows us some of the mechanics of heredity. 

Applications to Plant and Animal Breeding. — Turning to the 
practical applications of the scientific work on the method of 
heredity, the name of Gregor Mendel, an Austrian monk, stands 
out most prominently. Mendel lived from 1822 until 1884. His 
work, of which we already have learned something (see page 258), 
remained undiscovered until a few years ago. The application of 
his methods to plant and animal raising are of the utmost impor- 
tance because the breeder is al)le to separate the qualities he desires 
and breed for those qualities only. Another name we have men- 
tioned with reference to plant breeding is Hugo de Vries, the 
Dutchman who recently showed that in some cases plant^s arise 
as new species by sudden and great variations known as mtUatiorhs. 
And lastly, in our own California, Luther Burbank, by careful 
hybridising, is making lasting fame with his new and useful hybrid 
plants. 
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APPENDIX 

A SUGGESTED OUTLINE FOR BIOLOGY BEGINNING 

IN THE FALL 

LIST OF TOPICS 

First Term 

Fifit week. Why study Biology? Relation to human health, hygirnt?. Rela- 
tions existing l>ctwccn plants and animals. Relation of bacteria to man. 
Uses of plants and animals. C^onservation of plants and animals. Relation 
to life of eitizeu in the city. Plants and animals in n'lation to their environ- 
ment. What is the environment; light, heat, water, soil, food, etc. What 
plants take out of the environment. W^hat animals tiike out of the environ- 
ment. Dependence of plants and animals upon the factors of the environ- 
ment. Laboratory: Study of a plant or an animal in the school or at 
home to determine what it takes from its environment. 

Second week. Some Relations existing between Plants (Green) and 
Animals. Field trip planned to show that insects feed upon plants ; make 
their homes upon plants. That flowers are pollinated by insects. Insects 
lay eggs upon certain food plants. Green plants make food for animals. 
Other relations. (Time allotment. One day trip, collecting, etc. ; two days' 
discussion of trip in all its relations.) Make a (>areful study of the locality 
you wish to visit, have a plan that the pupils know about beforehand. 
Review and hygiene of pupil's environment, 2 days. 

Third week. Study of a Flower, Parts Essential to Polunation Named. 
Adaptations for insect pollination worked out in laboratory. Study of 
bee or butterfly as an insect carrier of pollen. Names of parts of insect 
learne<l. Elementary knowledge of groups of insects seen on field trip. 
Bees, butterflies, grasshoppers, beetles, possibly flies and bugs. Drawing 
of a flower, parts labeled. Drawing of an insect, outline only, parts labeled. 
Careful study of some fall flower fitted for insect pollination with an insect 
as pollinating agent. Some examples of cross-pollination explained. Prac- 
tical value of cross-pollination. 

Fourth week. Living Plants and Animals Compared. Parts of plants, func- 
tions ; organs, tissues, cells. Demonstration cells of onion or elodea. How 
cells form others. What living matter can do. Reproduction. Growth of 
pollen tube, fertilization. Development of ovule into stM'd. Fniits. how 
formed. Uscjs, to man. 

Fifth week. What makes a Seed Grow. Bean seed, a baby plant, and food 
supply. Food, what is it? Organic nutrients, tests for starch, protein, oil. 
Show their presence in seeds. 
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Sixth week. Need for Foods. Germination of bean due to (a) presence of 
foods, (b) outside factors. What is done with the food. Release of energ.v. 
ExampK^s of engine, plants, human body. Oxidation iu body. Proof by 
exp(?riment. Test for presence of COi. Oxidation in growing plant, experi- 
ment. Respiration a general need for both plants and animals. 

Seventh week. Need for Digertion. The corn grain. Parts, growth, food 
supply outside body of plant, how does it get inside. Digestion, need for. 
Test for grape sugar. Enzymes, their function. Action of diastase on starch. 

Eighth week. What Planth take fro.m the Soil, How they do This. Usc» of 
root. Influence of gravity and water. Why? Absorption a function. 
Root hairs. Demonstration. Pocket gardens, optional home work, but each 
pupil must work on root hairs from actual specimen. How root absorbs. 
Osmosis; what substances will osmose. Experiments to demonstrate this. 

Ninth week. Composition of Soil. What root hairs take out of soil. Plant 
needs mineral matter to make living mattiT. Why? Nitrogen necessary. 
Sources of nitrogen, the nitrogen-fixing bacteria. Relation of this to man. 
Rotation of crops. 

Tenth week. How Oreen Plants make Food. Passage of liquids up stem. 
Demonstration. Structure of a green leaf. Cellular structure demonstrated. 
Microscoi)ic demonstration of cells, stoma, air spaces, chlorophyll Ijodies. 
Evaporation of water from green leaf, regulation of transpiration. 

Eleventh week. Midterm Examinations. Sun a source of energy. Effect of 
light on green plants. Experimental proof. Starch made in green leaf. 
Light and air necessary for starch making. Proof. Protein making in 
leaf. By-products in starch making. Proof. Respiration. 

Twelfth week. The Circulation and Distribution of Food in Oreen Plants. 
I'ses of l)ark, wood, what part of stem does food pass down. Willow twig 
expcTimcnt. Summary of functions of living matter in plant. Forestry 
. lecture. Economic uses of green plants. Reports. 

Thirteenth week. Plants without Chlorophyll in their Relation to Man. 
Saprophytic fungi. Molds. Growth on bread or other substances. Con- 
ditions most favorable for growth. Favorite foods. Methods of pre- 
vention. Economic importance. 

Fourteenth week. Yeasts in their Relation to Man. Experiments to .show 
fermentation is caused by yeasts. Experiments to show ecmditions 
necessary for fermentation. The part i)layed by yeasts in bread making, 
in wine making, in other industries. Structure of yeast demonstratetl. 
Sununary. 

Fifteenth week. Experiments to show where Bacteria may be found and 
Conditions necessary to Crowth Be<jun. Have cultures collected 
and placed in a warm room during the holidays. Suggested experiments 
an? exposure to air of <|uiet room and room with persons moving, dust of 
floor, knif*' !)la<lc, oXc 

Sixteenth, seventeenth, and eighteenth weeks. The Month of .January should 
UK devoted ro tmk Sti'dy of Bacteria in their (Ieneral Relations 
to Man. Kconomically, l>oth directly and iiidin'ctly. Especial emphasis 
j»hnc(l on the nature and necessity of (l<M-ay. Bacteria in relation to disease 
should also l)e <'mphasized. The experiments to be performed and the 
topics expected to be covered follow. 
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Conditions Favokable and Unfavorable for Growth of Bacteria. (Uso 
bouillon rultunjs.) Effect of intense heat, sterile hoiiillon exposed to air, 
effect of Iwiling, effect of cold, effect of antiseptics (corrosive sublimate, 
carbolic acid, boric acid, formalin, etc.). <^ffect of large amounts of sugar and 
salt and the relation of this to preserving, etc. Bring out practical appli- 
cation of principles demonstrated. Dis(;u8s sterilization in medicine and 
surgery, cold storage, canning, sterilization, e.g. laundries, etc., use of anti- 
si'ptica, preserving by means of salt and sugar. Micro«(wpic demonstration 
of bacteria. Methods of reproduction. Importance in causing organic 
d<*cay, fixation of nitrogen, various useful forms in (cheese making, butter 
ripening, etc. Harmfulness of bacteria as disease producers. Specific dis- 
eases discussed : tub<;rculosis, typhoid, infective^ colds, blood poisoning, 
etc. Vaccination. Antitoxins l)egun — continued after knowledge of 
human body is gained. Work of Lister and Pasteur. 
Nineteenth and twentieth weekB. Review and Examinations. 



Second Term 

First week. . The Balanced Aquarium. Carbon and nitrogen cycles. Balanced 
a(iuarium and hay infusion compared. 

Second week. One Protozoan, Demonstration to show Changes in Shape, 
Response to Stimuli, Summary op Vital Processes in Cell. Food 
getting, digestion, assimilation, oxidation, excretion, growth, reproduction. 
Internal structure of protozoan. Protozoa as cause of disease. 

Third week. General Survey of Animal Kingdom. Survey introduced by 
museum trip if possible. Protozoa, worm, insect, fish, mammal. Distinc- 
tion between vertebrate and invertebrate. Character of mammalia. Divi- 
sion of lal>or (;mphasized. Man's place in nature. 

Fourth week. Study of the Frocj. Relation to habitat, adaptations for loco- 
motion, food getting, resi)iration, comparison of frog and fish on latter point. 
Osmotic exchange of gases emphasized. Cell respiration. 

Fifth week. Metamorphosis of Frog. Fertilization, cell division, and differ- 
entiation emphasized. Touch on plant and animal breeding. Function 
of chromosomes as b<»arers of heredity. Comparison of bird's egg and mam- 
mal efnbr>'o. 

Sixth week. Factors in Breeding. 1. Variation. 2. Selection. 3. Heredity fixes 
variation. 4. Hybridizing. 5. Control of environment. Eugenics in relation 
to (a) crime, {b) disease, (c) genius, (continuity of germ plasm. Work of 
Darwin, Mendel, De Vries, Burbank. 

Seventh week. A Brief Study of the (Jrohs Structure of the Human Body. 
Skin, inusch's, bones. Removal of lime from lM)ne by H(^l to show other 
substance.** and need for lime. Eff<*ct of pcwture, spinal curvaturo, fractures, 
sprains. 

Eighth week. Nkkd for Food. Nutritive value of food. U.h«» of charts to show 
foods rich in carbohydrates, fats, proteins, niiiu'rals, water, refuse. The 
relation of age, sex, work, and <»nvironnient to the food recjuireinents. What 
is a cheap fofxl. Price list of common foods at present time. Efforts of 
jj^overnmeut to secure a cheap food supply for the people. Digestibility oi 
foods. 
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Ninth week. How the Fuel Value of Food hah been Determined. Meaning 
of calorie. The 100-caloric portion, its use in dctorminiug a daily or weekly 
dietary. Standard dietary as determined by Atwater. Comparison of 
standards of Chittenden and Voit with those of Atwater. 

Tenth week. Study of Pupil's Dietary. Planning ideal meals. Individual 
dietaries for one day required from each pupil. Discussions and corrections. 
The family dietary. Relation to cost. 

Eleventh week. Digestion. The digestive system in the frog and in man com- 
pared. Drawings of each. Glands and enzymes. Internal secretions and 
their importance. Demonstration of glandular tissues. Experiment to 
show digestion of starch in mouth. 

Twelfth week. Digestion Continued. Digestion of white of egg by gastric 
juic<;. Digestion of starch with pancreatic fluid. Functions of pancreatic 
juice. Microscopic examination of emulsion. Reasons for digestion. 
Part played by osmosis. Demonstration of osmosis. Non-osmosis of non- 
dig(?sted foods, cx)inpari8on between osmosable (lualitics of starch and grape 
sugar. 

Thirteenth week. Absouptio.v. Where and how foods are absorln^d. Th(? 
structure of a villus (explained. C'oursc^ taken by foods after absorption. 
Function of liver. Hlood making the result of absorption. Coinposition of 
blood, r(?<l and colorless corpuscles, plasma, blood plates, antibodies. 
Microscopic drawing of corpuscles of frog's and man's blood. 

Fourteenth week. Circulation of Blood. The heart and lungs of frog demon- 
strated. Heart of man a force pump, explain with use of force pump. 
Demonstration of beefs heart. Circulation and changes of blood in various 
parts of body. Work of cells with reference to blood made clear. Capillarj* 
cinuilation (ch^monstration of circulation in tadpole's tail or web of frog's 

Fifteenth week. Respiration and Excretion. Necessity for taking of oxygen 
to <«'lls and removal of wastes from cells. Part played by blood and lymph. 
Mechanics of breathing (use of exp<Timents). Changes of air and blood in 
lungs (experiments). Best methods of ventilation (experiments). Elimi- 
nation of wastes from blood by lungs, skin, and kidneys. Cell respiration. 

Sixteenth week. Hygiene of Organs of Excretion, especially care of skin. The 
general structure and functions of the central nervous system. Sensory 
and motor nerves. Reflexes, instincts, habits. Habit formation, importance 
of right habits. Rules for habit formation. Habit-forming drugs and other 
agonts. Lecture. 

Seventeenth, eighteenth, nineteenth weeks. Civir Hygikne and Sanftation. 
Hygicn<' of special senses, <*ye and ear. A well citizen an efficient citizen. 
Public! health is purchasable. Improvement of environment a means of 
obtaining this. Civic hygiene and sanitation. Cleaning up neighborhood, 
in<iuiry into home and street conditions. Fighting the fly. Conditions of 
milk and water supply. Relation of alx)ve to disease. Work of Board of 
Health, (^tc. Review and Examinations. 
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SUGGESTED SYLLABUS FOR COURSE BEGINNING FEB- 
RUARY 1 AND ENDING THE FOLLOWING JANUARY 

First Term 

First week. Why study Biology? Relation to human health, hygiene. Rela- 
tions existing between plants and animals. Relation of bacteria to man. 
Uses of plants and animals. Conservation of plants and animals. Relation 
to life of citixen in this city. Needs of plants and animals: (1) food, (2) 
water, (3) air, (4) proper temperature. Study of a single plant or animal in 
relation to its environment. Problems of city government : (a) storage, pres- 
ervation and distribution of foods, (6) water supply, (c) overcrowded tene- 
ments, {d) street cleaning, (e) clean schools. Biological problems in city 
government. 

Second week. Interrelationb between Plants and Animals. Plants furnish 
food, clothing, shelter, and medicine. Animals use food, shelter. Man's 
us<; of plants as above. Man's use of animals as above. Plant and animal 
industries. Usc^ of balauood aquarium as illustrative material. 

Third week. Destruction op Food and Other Things by Mold. Home exper- 
iment. Conditions favorable? to growth of mold. Food, moisture, tempera- 
ture. Destruction of commodities by mold : food, leather, clothing. 

Fourth week, fifth week. Destruction of Foods by Bacteria. Experiment. 
To show where bact(;ria are found. Soil, dust, water, milk, hands, mouth. 
Use and harm of decay. Relation to agriculture. Experiment. Conditions 
favorable and unfavorable to growth of bacteria : boiling, cold, sugar, salt. 
Bacteria in relation to disease briefly mentioned. Bacteria in industries. 

Sixth week. Use of Stored Food by Young Green Plant : (a) for energy, (fc) for 
construction of tissue. Experiment. Structure of bean seed. Draw to show 
outer coat, cotyledon, hypocotyl, and plumule. Test for starch and sugar 
(grape). Test for oil, protein, wat<'r, mineral matt<^r. Use of all nutrients 
to seedling. 

Seventh week. Other Needs of Young Plants. Home experiments to show 
(a) temperature, (?>) amount of water most favorable to germination. 
Experiment. To show need of oxygen. To show that germinating seeds give 
off carbon dioxide. Proof of presence of carbon dioxide in breath. The 
npod.«* of a young plant compared with those of a boy or girl. 

Eighth week. Digestion in Seedling. Structure of corn grain. Experiment. 
To show that starch is digested in a growing seedling (corn). Experiment. 
To show that dia.stase digest^s starch. Discussion of experiments. 

Ninth week. What Plants take from the Soil and How they do This. 
Use of roots. Proof that it holds i)lant in position, takes in water and 
mineral niattcT, and in some cases stores food. Influence of gravity and 
wiitcT. Labele<l druwiirg of root hair. Root hair as a cvU (emphasized. 
().smoHi.s demonstrated. 

Tenth week. Composition of the Soil. Demonstration of presence of mineral 
:ii)(l organi(r substances in the soil. What root hairs take from the soil. 
Mineral matter necessary and why. Importance and sources of nitrogen. 
Soil exhaustion and its i)revention. Nitrogen- fixing bacteria. Review 
bacteria of decay. Rotation of crops. 
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Eleventh week. Upward Course of Materials in the Stem. Demonstration 
of poa soedlinRS with cosin to show above. Demonstration of evaporation of 
water from a leaf. Action of stomata in control of transpiration. Cellular 
structure of leaf. Demonstration of elodea to show cell. 

Twelfth week. Sun a Source of Eneroy. Heliotropism. Demonstration. 
Necessity of sunlight for starch manufacture. Necessity of air for starch 
manufacture. By-products in starch making. Oil manufacture in leaf. 
Protein manufacture in plant. Respiration. 

Thirteenth week. Reproduction. Necessity for (o) perpetuation, (6) regenera- 
tion. Study of a typical flower to show sepals, petals, stamens, pistil. 
Functions of each part. Cross and longitudinal sections of ovary shown 
and drawn. Emphasis on essential organs. Pollination, self and cross. 
(Note. At least one field trip must he planned for the; month of May. This 
trii) will take up the following topics : The relations between flowers and 
insects. The food and shelter relation between plants and animals. Recog- 
nition of 5 to 10 conmion trees. Need of conservation of forests. An 
extra trip could well bo taken to give child a little knowledge and love for 
spring flowers and awakening nature.) 

Fourteenth week. Study of the Bee or Butterfly with Reference to 
ADAPTATio.vft FOR Insect Pollination. Study of an irregular flower to 
show adaptations for insect visitors. Fertilization begun. Growth of 
pollen tubes. 

Fifteenth week. Fertilization Completed. Use of chart to show part playwl 
by egg and sperm cell. Ultimate result the formation of embr>o and its 
growth under favorable conditions into young plant. Relation of flower and 
fruit, pea, or bean used for this purpose. Development of fleshy fruit. Apjjle 
used for this purpose. 

Sixteenth week. Maturing of P.vkts and Storin<j of Food in Seed and Fruit. 
The devices for scattering the .seeds and relation to future plants. R^um6 
of proc(?sses of nutrition to show how materials found in fruit and seed are 
obtained by the plant. 

Seventeenth week. Plant Breeding. Factors: (a) selective planting, (6) cross- 
pollination, (r) hybridizing. H(Tedity and variation begun. Darwin and 
Burbank mentioned. 

Eighteenth and nineteenth weeks. The Natural Resources of Man : Soil, 
Water, Plants, Animals. The relation of plant life to the above factors of 
the cnvironnu'nt. The relation of insects to plant.s (fr>rage and other crops) 
and the relation of birds to insect.s. Need for <"onservati(m of tlie helpful 
factors in the environment of plants. Attention called to some native birds 
as insect and wood destroyrrs. 

Twentieth week. Review and Exxminations. 

Se<'oni) Term 

First week. The Balanmkd Aqvakii m. Study of conditions producing this. 
Tlic role of green plants, the role of animals. What causes the balance, 
llow the balance may be upset. The nitrogen cycle. What it means in the 
world outside the atiuarium.. Symbiosis as opposed to parasitism. Ex- 
amples. 
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Second week. Study of the Paramecium. Study of a hay infusion to show how 
cnvironmpnt roa<*t8 upon animal.s. Relation to environment. Study (»f 
cell under niieroseope to nhow reu<rtion«. Stnietun* of eell. Response to 
stimuli, funetion of eilia, RuUet, nueleu.s, eontraetih' vaeu(»les, f<M)d vacuoi<»s, 
ast'xual repHwhietioii. DrnwiuKs to show how loeomotion is i>erformed, 
Koneral structure. Copy (-hurt for fine stnicture. 

Third week. .\ 13iri)'«-kyk View ok the Animal Kingdom. Out; day. Develop- 
ment of a multieellular organism. (Use models.) One day. Physiological 
division of labor. Tissue's, organs. i'\inetion8 common to all animals. 
Illustrative material. Optional trip to museimi for use of illustrative 
material to illustrate the principal charactc'ristics of in) a simi)le metazoan, 
siM)nge, or hydrazoan, (M a segmented worm, {< ) a crustacean (Decap<Kl), 
(//) an ins<»ct, («) a mollusk and eehino<lerm, (/) vertebrates. (Diflfercnc<^ 
iM'tween vertebrat<»s and invertebrates.) The characteristics of the vert«»- 
brat(»s. Distinguish lH»tween fisht»s, amphibia, reptih's, birds, manmmls. 
Two days for discussion. Man's place in the animal serit's, eh'mentary dis- 
cussion of what evolution means. 

Fourth week. The Economic Importance of Animals. Uses of animals: 

(1) As food. Directly: fish, shellfish, birds, domesticated mammals. 

(2) Indirectly as foo<l : protozoa. Crustacea. (3) They destroy harmful 
animals and plants. Snakes — birds; birds — insects; birds — weed seeds; 
herbivorous animals — weeds. (4) Furnish clothing, etc. Pearl buttons, 
etc. (5) Animal industries, silkworm culture, etc. (6) Domesticated 
aninuUs. 

Animals do harm: (1) To gardens. (2) To crops. (3) To stored food; 
examples, rats, in.M<»cts, etc. (4) To forest and shade tn»<'s. (5) To human 
life. Dist'asc : parasitism and its results, — examples, from worms, etc. ; dis- 
ease carriers fly, etc. Preventive measures. Methods of extermination. 

Ht'fen'nces to T(M)thaker*s Commercial Raw Materials. Use one day for 
lalxjratory work from references. 

Fifth week. The Study of a Water-breathincj Vertebrate. Two days. 
The fish, adaptations in body, fins, for f<M)d getting, for breathing. Struc- 
ture of gills shown. Laboratory demonstration to show how water gets to 
the gills. Drawings. Outline of fish, gills. Retiuired trip to aquarium. 
Object, to see fish in environment. One day. Home work at market. 
Why are somt^ fish more expensive than others. Economic importance of 
fi.sh. Relation of habits of (o) food getting, {h) spawning to catching and 
extermination of fish. Two days. Means of prev<*nting overfishing, stock- 
ing, fishing laws, artificial fertUization of eggs, methods. Development of 
fish egg. (Comparison with that of frog and bird. 

Sixth week. The Factorb undsrlyino Plant and Animal Bresdino. Study 
of pupils in class to show heredity and variation. (%)nclusion. Animals 
tend to vary and to b<i like their ancestors. Heredity, rdle of sex cells, 
chromosomes. Principles of plant breeding. Selective planting, hybridiz- 
ing, work of Darwin, Mendel, De Vries, and Burbank. Methmls and results. 
Animal breeding, examples given, results. Improvement of man: (1) by 
control of environment, (a) example of clean-up campaign, 1913; (2) by con- 
trol of individual, personal li>'giene, and control of heredity. Eugenics. 
I'^xamph's from Davenport, Goddard, etc. 
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Seventh week. The Human Machine. Skin, bones and muscles, function of 
each. ExaniploH and doniouHtration with skeleton. Organs of body cavity ; 
show manikin. Work dono l)y colls in body. 

Eighth week. Study of Foods t<i dct<Tniin<' : C'l) nutritive value. Exerci8<» with food 
charts to dot<*rniin<' f(M)d^ ri<"h in water, starch, .sugar, fats, proteins, mineral 
salts, n*fua<'. One day. (/*) Nutritive value of foods as related to work, 
age, si»x, environment, cost, and digestibility. Foods compared to determine 
what is really a cheap food. 

Ninth week. How the F^el Value of Food has been Determined. The 
dietaries of At water, Chittenden, and Voit. The 100-calorie portion table 
and its use. 

Tenth week. The Application of the 100-Calorib Portion to the Making 
OF the Daily Dietaries. Luncheon dietaries. A balanced dietary for 
pupil for one day. Family dietaries. Relation to cost. Reasons for this. 

Eleventh week. Food Adulterations. Tests. Drugs and the alcohol question. 

Twelfth week. Digestion. The alimentary canal of frog and of man compared. 
Drawings. (One day.) The work of glands. Work of salivary gland. 
Enzymes, internal' secretions. Experiments to show (a) digestion of starch 
by saliva, (fc) digestion of prot(nns by gastric or pancreatic juice, (c) emulsi- 
fication of fat« in the presence of an alkaline medium. Functions of other 
digestive glands. Movements of stomach and intestine discussed and ex- 
plained. 

Thirteenth week. Absorption. How it takes place, where it takes place. Pas- 
sage of foods into blood, function of liver, glycogen. 

Fourteenth week. The Blood and its Circulation. Composition and functions 
of plasma, red corpuscles, colorless corpuscles, blood plates, antibodies. 
The lymph and work of tissues. The blood and its method of distribu- 
tion. Heart a force pump. Demonstration. Arteries, capillaries (demon- 
stration), veins. Hygiene of exercise. 

Fifteenth week. What Respiration does for the Body. The apparatus used. 
( 'haiiges of blood within lungs, changes of air within lungs. Demonstration. 
Cell respiration. The mechanics of respiration. Demonstration. V(?nti- 
lation, need for, explain proper ventilation. Demonstration. Hygiene of 
fresh air and proper breathing. Dusting, sweeping, ete. 

Sixteenth week. Excretion, Organs op. Skin and kidneys, regulation of body 
hviit. (\)lds and fevers. Proper care of skin, hygiene. Summar>' of 
l)lcM)d changes in bo<ly. Explanation of .same. 

Seventeenth week. Body Control and Habit Formation. Nervous system, nerve 
control. The neuron theory, brain psychology explained in brief. Habits 
juirl habit formation. Hygiene of sense organs. 

Eighteenth and nineteenth weeks. Civic Hygiene and Sanitation. Thb Im- 
i'uove.ment of One's F.nviro.vment. Civic conditions discussed. Water, 
milk, food supplies. Relation to di.sease. How safeguarded. How help im- 
prove conditions in city. 

Twentieth week. Review and Examinations. 
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HYOIENB OUTLINE 

(TliJH outline may \)o 'minHlurvai with I'lant Biology, or, Iwtter, may come bi* application of 
llic work in Second-term Riolog>'.) 

The Environment. ChaiiKei< for )>cttcrmciit under control. How u city boy 
may improve his c'nvironnient : l)y proper clothing, proper food and preparation of 
food, by care in home life? ; by sanitary conditions in neighborhood and in home. 

Review op Activities of Cell. Irritability, food taking, assimilation, oxidation, 
excretion, reproduction. Similarity of functions of plant and animal cells. All 
cells i)erform these functions. Some cells perform functions esi)ecially well, e.g. 
contracting muscle cells. All cells need food and oxygen. Some must have this 
curried to them. A system of tubes carries blood which carries food and oxygen. 
Food must be prepared to get into the blood. Digestive system : mouth, teeth, 
stomach, intestines, glands, and digestive juices. Uses of above in preparing food 
to pass into the blood. Absorption of food into the blood. How oxygen gets to 
the cells. Nose, throat, windpipe, lungs; blood goes to lungs and carries away 
oxygen. Excretion. Cells give up wastes to blood and these wastes taken out of 
blood by kidneys and other glands and passed out of body. Sweat, urine, carbon 
dioxide. 

Certain Kinds of Work performed bt Certain Kinds of Cells. Advantage 
of this. Cells of movement. Muscles, tissues. Bones as levers necessary for some 
movements. This especially true for legs and arms. Skeleton also necessary for pro- 
tection of internal organs and support of lx)dy. Making of special things in the 
body, e.Q' digestive juices given to certain cells called gland cells. WorKing together 
or coordination of different organs provided for by nervous system. This i.s com- 
posed of cells which are highly irritable or sensitive. Collections of these ner\'^c 
cells give us the power of feeling or sensation and of thinking. 

Dietetics. Diet influenced by age, weight, occupation, temperature or climate, 
cheapness of food, digestibility. 

Nutrients. List of nutrients found in seeds and fruits, also other common foods. 
Nee<i of nutrient* for human lx>dy. Nitrogenous foods, examples. A mixed diet 
l)eHt. 

Digestion and Indigestion. What is digestion? Where does it take place? 
Causes of indigestion. Eating too rapidly and not chewing food. Eating foods 
hiird to digest. Overeating. Eating between meals. Hard exercise immediately 
hefon» or after eating. 

Constipation. A condition in which the bowels do not move at least once every 
<l:iy. Daiig(»rs of constipation. Poisonous materials may be absorbed, causing 
hick of inclination to work, headache. Importance of regular habits of emptying 
thi* l)ow(*ls. Each one must try to get at the cause of constipation in his own ca.se. 
Causes of constipation. Lack of exercise, improper food, not drinking enough water, 
lack of laxative food, as fruits; lack of sleep, lack of regular habits. Remedies. 
Avoid use of drugs. Half hour before breakfast a glass of hot water, exercise of 
alxiominal muscles, laxative foods, form habit of moving bowels after breakfast. 

Hygiene of Circulation and Absorption. How digested foods get to the cells. 
Absorption. Definition. The passing of the digested food into the blood. How 
accomplished. Blood vessels. In walls of stomach and food tube. Membrane 
of cells s(>paratintc food from blood. Food passes by osmosis through the membrane 
and by o.sniosis through the thin walls of the blood vess(;ls. 



416 APPENDIX 

Circulation of Foods. Blood contains foods, oxygen, and viraste materials. 
Heart pumps the blood, blood vessels subdivide until very small and thin, so food, 
etc., passes from them to cells. Hygiene of the heart. 

Transpiration and Excretion. Skin, function in excretion. Bathing. Care of 
skin. Hot baths. Bathe at least twice a wtM^k. Cold baths, how taken. Bath- 
tub not a n<»c«*«8ity. Effect of latter on educating skin to react. Relation to 
catching cold. 

Care of Scalp and N ails. Scalp should l>e wiished weekly. If dandruff present, 
wash often enough to keep clean. Baldness often results from dandruff. Finger 
nails cut even with end of fingers and cleaned daily with scrub brush. 

Ht<}iene of Respiration. Definition of respiration. Object of respiration. 
(Connection Ix'tween <'irculation and respiration.) Necessity of oxygen. Organn 
of respiration. Lungs most important. Deep breath, function. Ventilation, 
rea.sons for. Mouth breathing. Results. Lessened mental iK)w<?r, nasal catarrh, 
colds easily (raught. 

Plants HARMFUL to Man. Poison ivy and mushrooms. Treatment. Poisoning. 
Send for physician. Cause vomiting by (1) finger, (2) mustard and water. (Note. 
An unconscious person should not be given anything by the mouth unless he can 
swallow.) Relation of yeasts and bacteria to man. Fermentation a cause of 
indigestion. R(>lation to candy, sirups, sour stomach, formation of gas causes pain. 

Bacteria of Mouth and Alimentary Canal. Entrance of bacteria by mouth 
and nose. Nose : " cold in the head," grippe, catarrh. Mouth : decay of teeth, ton- 
sillitis, diphtheria. Germs pass from one i)ersoii to another, no one originates germs 
in himself. Precautions against receiving and transferring germs. Common 
drinking cups, towels, coins, lead pencils, moistening fingers to turn pages in book or 
to count roll of bills. Tuberculosis genns. Entrance by mouth, lungs favorite 
place, may be any part of l)ody. Dust of air. sweeping streets, watering a necessity. 
Spitting in streets and in public buildings. Germs of typhoid fever. Entrance : 
water, milk, fresh uncooked vegetables, oysters. Thrive in small intestines. 
Preventable. Typhoid epidemics, methods of prevention of typhoid. C-onditions 
favorable for growth of specific disease germs. Work of Boards of Health. 

Home sanitary conditions, sunlight, air, curtains and blinds, open windows. 
Live out of doors as much as possible. Cleanliness. Bare walls well scrubbtMl 
better than carpets and rugs. Lace curtains, iron bedsteads, one thickness of 
paper on walls. Open plumbing, dry cellars, all garbage promptly removed. 

This outline is largely the work of Dr. L. J. Mason and Dr. C. H. Morse of the 
department of biology of the De Witt Clinton High School. 



WEIGHTS, MEASURES, AND TEMPERATURES 

As tln' iiH'tric syst^'ni of wciKhtM and moasurcs and iho ConiiKriuU' mcasun^nM^nt 
#»f ti'iniM-ratun's an* i^nployi'd in scientific work, the following tables showing the 
KiiKli^li rcpiivahMitrt of those in ni<»st frequent uw are jdvon for the convenitMiee of 
thosi- not alrrady familiar witli these standards. The values given are approximate 
only, Imt will answer for all pra<'tie:d purpiwes. 



(iram 



\Veii;ht 



KiloKram | ka. 



Km. 



2^ pounds 

15i Krains avoir- 
dupois. 

A of an ounce 
avoirdupois. 



Capacity 



Liter . . 


1. 


Cuhic cen- 
timet«'r . 


cc. 



♦U cuhic inches, or 
a little more than 
1 quart, U. S. 
inoasuH'. 



It of a cuhic inch. 



Meahuueh of Lkn<;tii 



MbI'RIC 



KnOLIHH KgUlVALKNTfi 



Kilometer km. , § of a mile. 



Met<'r . 



m. 30 inches. 



Decimeter dm. 4 inches. 



Centimeter . cm. i of an inch. 



Millimeter mm. 



3^ of an inch. 



The n<'Xt table gives the Falironhcit equivah^ntfor every tenth degnt* Centigrade 
from absolute zero to tlie boiling point of water. To find the corn\sponding F. for 
.my decree C, multiply the given C. temix'ratun* by nine, divide by five, and add 
thirty-two. (Conversely, to change F. to C. equivalent, subtract thirty-two, multi- 
ply by five, and divide by nine. 



Cknt. 



Fahu. Cent. 



Fahr. Cent. 



Fahr. Cent. 



Fahr 



1(H) . 


. . 212 


50 . . . 122 


. . . 32 


- 50 . . . - 5X 


«H) . 


. . 194 


40 . . . 104 


- 10 . . . 14 


- 1(K) . . . - 14S 


SO . 


. . 170 


.30 . . . 8C 


- 20 . . . - 4 




70 . 


. . 15S 


20 ... OS 


- 30 . . . - 22 


Absolute zero 


t)0 . 


. . 140 


i 10 ... 50 


, - 40 . . . - 40 


- 273 ..." 459 




HUNTER, 


, CIV. BI. — 27 
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Laboratory Bk^uiPMSMT 

Tho following articles comprise a simple equipment for a laboratory class of 
ten. The equipment for larger classes is proportionately less in price. The follow- 
ing urticlen may be obtained from any reliable dealer in laboratory supplies, such im 
tho BauHch and Lonib Optical Company of Rochester, N.Y., or the Kny-Scheerer 
Company. 4()4. 410 Went 27th Street, New York City : — 
1 balance. Harvard trip style, with weights on carrier. 

1 Ik'II jar, about 305 nmi. high by 165 nmi. in diameter. 
10 wide mouth (salt mouth) bottles, with corks to fit. 

10 25 c.c. dropping bottles for iodine, etc. 
25 250 c.c. glass-stoppered bottles for stock solutions. 
100 test tubes, assorted waes. principally 6" X i". 
50 test tubes on base (excellent for demonstrations). 

2 graduated cylinders, one to 100 c.c. one to 500 c.c. 

1 package filter paper 300 mm. in diameter. 
10 flasks, Erlennicyer form. 500 c.c. capacity. 

2 glass funnels, one 50, one 150 mm. in diameter. 

30 Petri dishes, 1(K) nmi. in diameter. 10 mm. in depth. 
10 feet glass tubing, soft, sixes 2, 3. 4, 5. 6. assorted. 

1 aquarium jar. 10 liters capacity. 

2 specimc^n jars. glasi< tops, of about 1 liter capacity. 
10 hand magnifiers, vulcanite or tripod form. 

2 compound demonstration microscopes or 1 more expensive compound micro- 
scope. 
300 insect pina, Klaeger, 3 sizes assorted. 
10 feet rubber tubing to fit glass tubing, sise | inch. 

1 chemical thermometer graduated to 100** C. 
15 agate wan* or tin trays about 350 mm. long by 1(X) wide. 

1 gal. 95 p<T cent alcohol. (Do not u.se denatured alcohol.) 

1 set gram weights. 1 mg. to ICX) g. 2 books test paper, red and blue. 

1 razor, for cutting sections. 10 Syracuse watch glasses. 

1 box rubber bands, assorted sizes. 1 steam sterilizer (tin will do). 

1 support stand with rings. 1 spool fine copper wire. 



1 test tube rack. 

5 test tube brushes. 
10 pairs scissors. 
10 pairs forceps. 
20 needles in handles. 
10 scapels. 

12 mason jars, pints. 
12 mason jars, quarts. 



1 alcohol lamp. 
1 gross slides. 
100 cover slips No. 2. 

1 mortar and pestle. 

2 bulb pipettes. 
1 liter formol. 

1 oz. iodine cryst. 



6 oz. nitric acid. 

6 oz. ammonium hydrate. 

6 oz. benzole or x>'lol. 

6 oz. chloroform. 

i lb. copi)er sulphate. 

^ lb. sodium hydroxide. 

i lb. rochelle salts. 

6 oz. glycerine. 



1 oz. potassium iodide. 

The materials for Pasteui"'s solution Sach's nutrient solution can best be obtained 
from a druggist at the time needed and in very small and accurately measured 
quantities. 

The agar or gelatine cultures in Petri dishes may be obtained from the local 
Board of Health or from any good druggist. These cultures are not difScult to 
make, but take a number of hours' consecutive work, often difScult for the average 
teachcT to obtain. Full directions how to prepare these cultures will Ix? found in 
Hunter's Laboratory ProUenis in Civic Bioloffy. 
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(IllustratiuQS ure iudicated by pagr uuinorula ia bold-faced type.) 



Absorption, definition, 270 ; 

of digested foods, ;W8, 3(M). 
Ac(*ommodatioii of eye, 301. 
Acetanilid, 295. 
Action of the heart, 319. 
Adaptations, 24 ; 

in bee, 36; 

in birds, 189 ; 

in fish. 232 ; 

in frog, 241 ; 

in mammalia, 192. 
Adenoids, 340, 395. 
Adulteration in foods, 288. 
Air, and bacteria, 145 ; 

composition of, SO ; 

fresh, 337 ; 

needed in germination, 66 ; 

necessary in starch making, 91 ; 

passages in lungs, 330 ; 

use to plants and animals, 21. 
Albumin, 62. 
Alcohol, a food, 289 ; 

a poison, 291. 

and ability to resist disease, 363 ; 

and ability to work, 3(>8 ; 

and body heat, 345; 

and crime, 371, S7S ; 

and digestion, 311 ; 

and duration of life, 370 ; 

and efficiency, 369 ; 

and heredity, 372 ; 

and intellectual ability, 364 ; 

and kidneys, 346; 

and living matter, 291 ; 

and memory, 366 ; 

and mental ability, 366; 

and nervous system, 362 ; 

and organs of special sense, 362 ; 

and pauperism, 371 ; 

and n^sistance, 327 ; 



Alcohol, and respiration, 346 ; 

and the blood, 327 ; 

and treatment of diseases 364 ; 

effect on circulation, 327 ; 

effect on eye, 361 ; 

effect on liver, 312; 

produces poisons, 347. 
Alga), 176. 
Alfalfa plant, 161. 
Alimentarv canal, 297. 
Alkali, 306. 
Alkalinity, 298. 
Alligator, S30. 
Ambergris, 205. 
Ammonium hydrate, 61. 
Amoeba, 170, 182, 332. 
Amphibia, 186, 187 ; 

as food, 202. 
Anal fin of fish, 233. 
Angiosperms, 176. 
Animals, as disease carriers, 227 ; 

breeding of, 259 ; 

domesticated, 260 ; 

functions of, 48, 180 ; 

need plants, 34 ; 

oils of, 205 ; 

parasitic, 227 ; 

series, 182; 

that prey upon man, 230; 

use to man, 17 ; 

use to plants, 34. 
Annual rings, 98. 
Anopheles, 217, 218. 
Anosia plexippus, 32. 
Anther, 36. 

Antibodies, uses of, 316. 
Antiseptics, 157. 
Antitoxin, 157, 391. 
Anura, 188. 
Anvil, 359. 
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Aorta, 320. 
Apoplexy, 328. 
Appendas:es of the fish, 233. 
Api)oudiciilar skeleton, 2fi8. 
Appendix, 3(M>. 
Apples, 50, 1S4. 
Aqueous hutnor, 301. 
Aracdmida, IST). 
Arteries, 31 S; 

structure of, 323. 
Arthropods, 185. 
Artificial, cross- pollination, 40; 

propajjration of fishes, 24() ; 

respiration, 34() ; 

selection, 253. 
Asexual reproduction, 174. 
Assimilation in plants, 103. 
Attention, effect of alcohol, 304. 
Audubon, 211. 
Auricle of human heart, 319; 

of fish heart, 23(). 
Automatic activity, 348, 354. 
Axial skeleton, 208. 

Bacillus, 142. 
Baciteria, 134; 

and fermentation, 150; 

cause decay, 149; 

cause disease, 151 ; 

effect on food, 144 ; 

growth of, 145 ; 

isolating: a pure culture, 142; 

nitrogen fixing:, 80, 81, 151, 162; 

of decay, 144 ; 

relation to man, 10 ; 

size and form, 142, 148 ; 

useful, 150; 

where found, 139, 141. 
Bacteriology, 10. 
Bad posture, 270. 
Balanced, aquarium, 159, 160 ; 

diet, 285. 
Barbels of fish, 234. 
Barberrj' embryo, 108. 
Bark, use of, 98. 
Barrier, natural, 28. 
Bast, 97. 

Beans, as food, 02. 
Beans, peas, 55. 



Beans, seedlingfs, 68. 
Bedroom, care of, 374. 
Bee, adaptations, 3() ; 

head of, 88 ; 

mouth part«, .'iK. 
B<iT and wine making, 137. 
Honedict's test, i\H. 
lien/oic a<'id, MS. 
Beverages and condiments, 124. 
Biceps, 269. 

Bichloride of mercury, 148. 
Bile, functions of, 3(K), :^)7. 
Biology, definition, 15; 

relation to society, IS. 
Bird.s, 189; 

as food, 2()2 ; 

classification, 191 ; 

development, 24(> ; 

eat insects, 209 ; 

eat weed seeds, 210; 

embryo. 246, 247. 
Bismuth, 304. 
Biiion, 192. 
Black Death, 227. 
Blade of leaf, 85. 
Blastula. 177. 

[Mood, amount and distribution, 
318; 

changes in lungs, 330 ; 

circulation of man, 318; 

clotting, 314 ; 

composition, 814; 

effect of alcohol, 327 ; 

function, 313; 

plates, 315 ; 

poisoning, 15(); 

temperature, 318; 

vessel of skin, 344. 
Blubber, 205. 
Blue crab, 199. 

iioard of health, functions, 389. 
Body, a machine, MS ; 

cAvity, 270 ; 

heat and alcohol, 345 ; 

of fish, 2:V2. 
Bony fish, 187. 
l^oracic acid, 148. 
Borax, 148. 
Brain, of fish, 237 ; 
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Brain, of man, iy>l. 
Bread, makinf?, 139; 

mold. 133. 
Bream, 233. 
Breathing, 333 : 

and tight clothing, i^i9 ; 

hygienic habits, 3i38 ; 

in leaf, 93 ; 

of fish, 234 ; 

of frog, 242 ; 

of vertebrates, 232 ; 

rate of, 334. 
Breeding of animals, 259. 
Bright's disease, Ii4(>. 
Bronchi, 3:^. 
lironchial tubes, 330. 
Bruises, JJ45. 
Bryophytes, 17(). 
Bubonic plague, 227. 
Budding, 255, SSe. 
Bumblebees, 37. 
Burbank. Luther, 4()6. 
Burns, treatment of, 345. 
Butter and eggs, 38, 39. 

Calorie, portion, S86; 

requirement, 282. 
(^alyx, 35. 
Cambium layer, 98. 
Canning, 145. 
(^annon. Prof., J^04. 
(Capillaries. 318, 323; 

circulation in, 3SS ; 

of fish, 2.3(). 
( arbohydrates, fM). 273. 
Carbolic acid, 149. 
Carbon and oxygen cyeh*, 161. 
( 'arbon dioxide, test for, 64. 
Care of milk supply, :i8(), 38;i. 
(^arnivorous, 230. 
(\iudal fin of fish, 2:«. 
(^luse of dysjM'psia, 310. 
Cells, 60: 

Jis units, 171 ; 

division, 51 : 

mucous, 299; 

of jKmd scum, 173; 

reproduction of, 50; 

respiration, 332 ; 



Cells, tissue, 179; 

work of, 270. 
Ce»phalothorax, 185. 
Cerebellum. 352. 

Cerebro-spinal nervous system, 350. 
Cerebrum, 351. 
Cestodos, 227. 
Changes, of blood in lungs, 330 ; 

of air in: lungs, 331. 
Characters, determiners of, 258. 
Chelonia, 188. 
Chemical, compounds, 20; 

elements, 20 ; 

of human body, 21. 
Chestnut canker, 131. 
(^hina, deforestation in, 108. 
(Chittenden t^ble, 311. 
Chloral, 293. 

(Chlorophyll bodies, 50, 90. 
Chloroplasts, 90. 
(.^hromosomes, 50 ; 

and heredity, 251. 
Chrvsalis, 3;^. 
Cilia, 171. 
Circulation, effect of alcohol, 327 ; 

effect of exercise. 32() ; 

effect of tobacco, 328 ; 

in fish, frog, man, 321, 322 ; 

in stem, 9^), 100, 101 ; 

of blood of man, 318; 

offish, 2;^(); 

of frog, 243 ; 

IK)rtAl, 322 ; 

pulmonary, 320 ; 

systemic, 320. 
(City's need for trees, 115. 
Civic hvgiene, 388. 
Clams, '200. 
Classification, of birds, 191 ; 

of ])lants, 17(). 
Cloac^i of frog, 243. 
Clothing, '403. 
CChitting of blood, 314. 
Coal, (>4. 
! (^obra. 2:^). 
(Cocaine, 2^)3. 
Coccus bacteria, 142. 
' Cochineal and lac, 208. 
I Cochlea, 359. 
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Codling: moth, 215. 
Coelenterates, 183. 
Cold-blooded animals, 318 ; 

effect of, SS. 
Cold storage, 147. 
Coids and fevers, 343. 
Coleoptera, 32. 
Collecting ashes, 387. 
Colonies of bacteria, 141 f 

of trilliums, 178. 
Colorless corpuscles, 313 ; 

structure, 315 ; 

function, 316. 
Common foods contain nutrients, 

275. 
Comparison, of food tube of frog and 
man, 897 ; 

of mold, yeast and bacteria, 143 ; 

of starch making and milling, 
92. 
Complemental air, 3ii4. 
Complex one-celled animals, 171, 
Composition, of milk, S73, S80; 

of plasma, 313 ; 

of soil, 77. 
Compound eyes of bumblebee, 37, 

38. 
Conservation, of food fish, 239 ; 

of fur-bearing animals, 2()4 ; 

of our natural resources, 17. 
Constipation, 310. 
Constrictor killing a mouse, 213. 
Contagious diseases, 152. 
Convolutions, 352. 
Corn, 120, 121 ; 

germinated grain cut lengthwise, 
69; 

long section of ear, 67 ; 

structure of grain, 66. 
Cornfield, 44. 
Corolla, :i5. 

Corpuscles, (M)lorless and red, 313. 
Cost of f<M>(l and di«'t, 2K1, 283 : 

of parasitism, 2C).'V 
Cotton, 125; 

l)oll weevil, V2i\, 127. 214. 
Cotyledons, 59 ; 

food in, ()(). 
Crab, 199. 



Crayfish, 184. 
CrocodUe, 230. 
Crocodilia, 189. 
Crustacea, 185. 
Culex. 218, 218. 
Culture medium, 140. 
Cuts and bruises, treatment, 32(), 
345. 

Daily calorie requirement, 282 ; 

fuel needs of body, 284. 
Dandelion, whorled leaves, 90. 
Darwin, Charles, 40, 404. 
Darwin and natural selection, 253. 
Deaths, table, 812. 
Decay caused by bacteria, 149. 
Decayed teeth, 396. 
Defects in eye, 361. 
Deforestation in China, 108. 
Dendrites, 351. 
Department of Agriculture, work of, 

255. 
Department of street cleaning, 

387. 
Determiners, 251 ; 

of character, 258. 
Development, of apple, 56 ; 

of bird, 246 ; 

of vgg, 178 ; 

of trout, 238 ; 

of mammal, 247 ; 

of salmon, 241 ; 

of simple animal, 177. 
Diagram of frog's tongue, 242 ; 

of gills of fish, 235 ; 

of neuron, 361 ; 

of wall small intestine, 307. 
Diaplu-agm, 270, 297. 
Diasta.se, 101,300; 

action on starch, 69. 
Diet, and cost of food. 281 ; 

and digestibility, 2S1 ; 

balanced. 285 ; 

relation of age, 280; 

relation of enwonnieut to, 2S0 ; 

relation to sex, 280 ; 

relation of work t.o, 277 ; 

the best, 284. 
Dietary, the best, 282. 
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Dijfested food, absorption of, 308. 
Dij^estibility and diet, 281. 
Digestion, 08. 100, 181 ; 

effect of alcohol, 311 ; ' 

definition of, 270 ; 

in stem, 99; 

in stomach, 304 ; 

of starch, 299 ; 

purpose of, 69, 296. 
Digestive system of fish, 235. 
Digestive tract of frog and man, 

897. 
Diphtheria, 152. 
Dipnoi, 187, 236. 
Diptera, 31. 

Discoverers of living matter, 398. 
Disease, and alcohol, 312 ; 

and bacteria, 151 ; 

carriers, animals, 226 ; . 

carriers, flies, 222 ; 

carriers, insects, 225 ; 

caused by bacteria, 152 ; 

caused by protozoa, 172 ; 

ofifect of alcohol, 327 ; 

of nose and throat, 340 ; 

protozoan, 221. 
Disinfectants, 148. 
Division of labor, 178, 267. 
Dog, skeleton, 188. 
Domesticated animals, 203, 260. 
Dominant characters, 258. 
Dormant, 22. 
Dorsal, 186 ; 

fin, 233. 
Drugs, use and abuse, 294. 
Dufif, 113. 

Dyspepsia, cause and prevention, 
310. 

p]ar, section, 389. 
Kchinoderms, 184. 
ICconomic value of green plants, 117 ; 
importance of spawning habits of 
fishes, 239. 
Kctoderm, 177. 
Effect of light on leavea, 88. 
Rfficiencv of a week, 370. 
Egg, 177, 246. 
Egg-laying habits of fishes, 238. 



Ehrlich, Paul, 403. 
Elasmobranchs, 187. 
Elements, chemical, 20, SI. 
Elodea, 49, 50. 
Embryo, 58, 59, 103 ; 

of bird, 247 ; 

of mammal, 247. 
Emulsion, 306. 
Endoderm, 177. 
Endoskeleton, definition, 2ii7. 
Endosperm, 67. 
Enemies of forests, 113, 114. 
Energy, 64 ; 

of a tree, 94 ; 

source of, 88. 
English sparrow, 212. 
Environment, 19, 19; 

care and improvement of, 2() ; 

changes in, 25 ; 

determines kind of plants and 
animals, 23, 23, 24 ; 

normal, 28 ; 

of man, 26, 266 ; 

natural, 25 ; 

relation to diet, 280 ; 

what plants and animals take 
from, 21. 
Enzymes, 68, 101, 298. 
Epiootyl, 59. 
Epidermis, 86. 
Epithelial layer, 308. 
Epithelium, 179. 
Erosion, prevention of, 106, 108 ; 

at Sayre, Pa., 106. 
Essential organs, 36. 
Esophagus, 302. 
Eugenics, 261. 
Eustachian tubes, 300, 359. 
Euthenics, 264. 
Evaporation, 99; 

of water, 85, 86, 87. 
Evolution, 194, 195. 
Excretion, 181, 270, .•«2; 

organs of, .'MO ; 

in plants, lO^i. 
Exercise and circulation, 326; 

and health, 339. 
Exoskeleton, 185, 237. 
Extermination of bird.s, 211. 
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Eye, comjwunci, 30; 

defects in, 361 ; 

section uf, 360. 
Eyestrain, 395. 

Factory inspection, 379. 
Fallowing, 82. 
Fatigue, 326 ; 

and nerve cells, 356. 
Fats and oils, 60, 273. 
Fehling's solution, 68. 299. 
Fermentation, 135, 136, 150. 
Fertilization, of fish t^ggs, 240 ; 

of flower, 54. 
Fibers, vegetable, 127. 
Fibrin, 315. 
Fibrinogen, 315. 
Fig insect, 43. 
Filament, 36. 

Filter beds at Albanv, N. V., 385. 
Fins, 233. 
Fishes, 186: 

artificial propagation, 240 ; 

as food, 201 ; 

body of, 232 ; 

breathing, 234; 

circulation, 236, 321 ; 

digestive system, 2ii5 ; 

egg-hiying habits. 2.*i8 ; 

food getting, 2'M; 

food of, 237 ; 

gills. 234 ; 

heart , 23() ; 

migration. 2;iS; 

nervous system, 237; 

skeleton, 237; 

senses, 233 ; 

swim bladder. 23(). 
Fission, 170. 

Flagi'lla of bacteria, 142. 
Flat worms. \X:\. 
Flax. 128. 
Flea. 225. 

Floral envelope. 35. 
Flower, fertilization of. 54; 

lengthwi.se section. 35; 

use and .structure, '.^Tj. 
Fluid. 181. 
Fly, a disease carrier, 222 ; 



Fly, foot of, 223 ; 

life history, 222 : 

typhoid, 22:3. 
Foods, absorption of, 309; 

adulteration, 288; 

amphibia as, 202 ; 

birds as, 202 ; 

cost of, 283 ; 

fish as, 201 ; 

fruits and set^ds, 119; 

getting of fish, 2,'i4 ; 

in cotyled«)ns, (JO ; 

inorganic, 274 ; 

inspection, 380 : 

is alcohol a food, 289 ; 

leaves, 117, 118: 

making in green leaf, 93 ; 

mammals a,s, 202 : 

of animal origin, 279 ; 

of bacteria, 144 ; 

of fishes, 237 ; 

of insects, .*i3 ; 

of plant origin, 278 ; 

of starfish, 216; 

reptiles as, 202 ; 

roots as, 1 19 ; 

stems as, 118; 

taking, 181 ; 

tube of frog, 243 ; 

values, tables, 276: 

waste in kitchen, 287; 

why we need. 272. 
Koraminifeni. 182. 
Forestry. 1 13. 
Forest destruction, 112, 113; 

fires. 112: 

of North Carolina. 105; 

other uses, 109; 

prote(!ting. 1 14 : 

regions of United States. 109. 
Fonnaldehyde, 148. 
Formation of habits. ;i54. 
Four o'ltlock embryo, 103. 
Fresh air, 337. 
Frog, jwlajMations for life, 241 ; 

and man, digestive tnict, 297; 

bre*athing, 242; 

cintulation, 243. 322 ; 

development of, 244 ; 
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Frog, diagram of tongue, S4S ; 

food tube, 243 ; 

glands, 243 ; 

locomotion of, 241 ; 

long section, S43 ; 

metamorphosis, S45; 

nervous system, ^^52 ; 

sense organs, 242. 
Fruit, a typical, 55. 
PVuit of locust, 55. 
P^ruits and seeds as foods, 119. 
P^ruits, how scattered, 50. 
Fuel, daily needs, 284. 
Fuel values of nutrients, 277. 
P^unctions, of all animals, 18() ; 

of an animal, 48 ; 

of bile, 307 ; 

of blood, 313 ; 

of cerebrum, 353 ; 

of colorless corpuscle, 316; 

of lymph, 317 ; 

of parts of plant, 48 ; 

of red corpuscle, 314. 
Fungi, 130, 176; 

moldlike, 135; 

of our homes, 132. 
Fur-bearing animals, 204. 

CJall bladder, 306; 

inst>cts, 208. 
(lallfiies, 43. 
Ganoids, 186, 187. 
( rarbage cans, 377. 
(lard en fruits, 123. 
(lastric glands, 'MKi; 

of frog, 243. 
( Jastric juice, 1303. 
(Jastrula, 177, 178. 
(renus, 175. 
(loraniuin, 45. 
(Jornian forest, 114. 
(mthi cells, 251. 
(lerminati<m, of bean, ih^; 

of pollen, 64. 
(; ills of fish, 2:^4; 

nikers, 172, 2134. 
(Jlands, 297, 298, 299; 

gastric. 303 ; 

lymph, 324 ; 



Glands of frog, 243 ; 

salivary, 299. 
Glomerulus, 341. 
Glottis of frog, 243. 
Glycogen, 307. 
Gonorrhea, 156. 
Grafting, S56. 
Grains, 122. 

Grape sugar, test for, 68. 
Gravity, influenc** on root, 72. 
Green plants, economic value, 1 17 ; 

give ofif oxygen, 95 ; 

harmful, 127 ; 

make starch, 90, 9S. 
Gn)ups of plants, 174. 
Guano, 82. 
Guard cells, 88. 
Gullet. 297, 300, 301, :i02, 303; 

of frog, 243. 
Gymnosperms, 176. 
CTyi)sy moth, 215. 

Habits, 354. 

Habitat of protozoa, 172. 

Habit formation, 354. 

Hffimoglobin, 314, 330. 

Hammer, 1359. 

Hard palate, 301. 

Harm done by insects, 34, 225. 

Harmful grcnm plants, 127 ; 

preservatives, 14H. 
Hay infusion, 1(k3, 164. 
Head of a bee, 38. 
Heart a force pump, 320; 

diagram, 319; 

in action, 319 ; 

internal structure. 319; 

of fish, 236 ; 

size, position, 318. 
Heat, and bactt'ria, 145; 

effect of, 22 : 

output, 2H5. 
Heating the hous**, 375. 
Hemiptera, 32. 
IIen*s egg, S46. 
Herbivorous animals, 213. 
Heredity, and evolution, 404 ; 

bearers of, 251 ; 

definition, 249 ; 
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Heredity, relation of alcohol to, 372. 

Hervey, William, 399. 

Hibernate, 22. 

Hides, 205. 

Hilum, 59. 

Honey and wax, 207. 

Hookworm, 183, 228, M9. 

Horse, ancestor of, 193, S60. 

How food is swallowed, 302. 

Human blood, 314. 

Human body, a machine, 267 ; 

composition of, SI. 
Human physiology, definition, 15. 
Humming bird, 43. 
Humus, 79. 

Hundred calorie portions, S86. 
Huxlev, 398. 
Hybridizing, 254. 
Hybrids, 254. 
Hydra, 179. 
Hydrochloric acid, 303. 
Hydrogen of water, SO, 20. 
Hydrophobia, 392. 
Hygiene, 27 ; 

of breathing, 338 ; 

of skin, 344 ; 

of mouth, 302 ; 

of muscles and bones, 268 ; 

outline, 415 ; 

personal, 261. 
Hypocotyl, 59. 
Hymenoptera, 30. 

Ichneumon fly, 208. 
Illness of drinkers, 363. 
Imperfect flowers, 44, 48. 
Immunity, 157, 390. 
Improvement, by selection, S83 ; 

of man, 261. 
Impure water, 289. 
Incisors, 301. 

Infe(;ti()us dis^'iiscs, 27, 363, 390. 
Infusoria, 182. 
Inner ear, ii59. 
Inoculation, ir»7. 
Inorganic soil, 77; 

foods, 274. 
Insects, 185; 

and foods, 370 ; 



Insects, as disease carriers, 225 ; 

as pollinating agents, ^36 ; 

damage done by, 34, 214; 

diagram of, S9 ; 

food of, 33 ; 

of the house, 216 ; 

orders of, 30. 
Inspection, of factories, 379; 

of raw food, 380. 
Instincts, 195. 
Internal secretions, 317. 
Intestinal fluid, 306 ; 

glands, 308. 
Intestine, large, 309. 
Invertebrates, 185. 
Iris, 360. 
Isolation, 390. 

Jenner, Edward, 400. 
Jimson weed, 128. 
Jukes, 261. 

Kidney bean, 89, 68. 
Kidneys, 181 ; 

human, 341; 

of frog, 243. 
Kinetic energy, 267. 
Knots, 112. 
Koch, Robert, 403. 

Labor, division of, 178. 
Ijaboratory equipment, 418. 
Lacteals, 309, 324. 
Lactic acid, 150. 
Lactometer, 288. 
Ladybug, 209. 
Large intestine, 309 ; 

of frog, 243. 
Larva of milkweed butterfly. 32. 
Latent energy, 267. 
Lateral line, 234. 
I^eaves, as food, 117 ; 

evaporation of water from, 85 ; 

cell st ructnre of, 85 ; 

mosaic*, 90 ; 

respiration, 96 ; 

section, 49; 

skeleton of, 88; 

structure. 85, 86. 
Length measures, 417. 
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Lfoopard frog, 188. 
Ijopidoptera, 30. 
Levers, S69. 

Life comes from life, 399. 
Life cycle, 104 ; 

of plants, 103. 
[jife history of malarial parasite, 217. 
Ligaments, 268. 
Ligature, applying, SS6. 
Light, a condition of environment, 
21,22; 

and bacteria, 145 ; 

effect of, 22 ; 

necessary for starch making, 91. 
Lighting the home, 376. 
Lily, narrow leaves, 90. 
Limewater test, 64. 
Lister, Sir Joseph, 403. 
Liver, 306 ; 

a storehouse, 307 ; 

effect of alcohol on, 312 ; 

of frog, 243. 
Living matter and alcohol, 291 ; 

plant and animal compared, 47 ; 

things, needs of, 266 ; 

things, varying sizes of, 51. 
Lizard, 188. 
Lobster, 198. 
Locomotion, 181 ; 

of frog, 241. 
Lowell, typhoid area, 384. 
Lumber transporting, 110-111. 
Lungs, air passages, 330 ; 

changes of blood in, 330. 
Lymph, function, 317 ; 

glands and vessels, 324, 825. 
Lysol, 148. 

MacNichol, Dr. T. Alexander, 327. 

Macronuoleus, 109. 

Malaria, cause, 217. 

Malarial mosquito, 218. 

Malarial |>arasit<s life history, 217. 

Mammal development, 247 ; 

embryo, 247. 
Mammals, 191 ; 

adaptations, 192; 

as food, 202 ; 

classification, 192. 



Mammary glands, 191. 

Man, animals that prey upon, 230 ; 

and his environment, 266 ; 

circulation of blood, 318 ; 

improvement of, 261 ; 

in his environment, 26 ; 

mouth cavity, 300 ; 

place in nature, 195 ; 

races of, 196 ; 

stomach, 303. 
Manufacture of fats, 93. 
Measures, 417. 

Mechanics of respiration, 332, 33S. 
Membrane, mucous, 299. 
Mendel. Oregor, 257, 406. 
Mesenteric glands, 309. 
Mesentery, 297. 
Mesoderm, 177. 

Metamorphosis of frog, 244, 245. 
MetchnikofT, 316. 
Methods, of cutting timber, HI; 

of breathing in vertebrates, 232. 
Micron ucleus, 169. 
Micropyle, 59. 
Middle ear, 359. 
Migration of fishes, 238. 
Milk, and tuberculosis, 381 ; 

composition of, 273, 280 ; 

germs in, 381 ; 

grades of, 381 ; 

under microscope, 150, 305. 
Milkweed, butterfly, 32. 33. 
Milling and starch making, 92. 
Mink, 205. 
Mixed diet, 284. 
Moisture, 24, 78. 
Molluscs, 185. 
Mollusk, 185. 
Mold, 133, 134. 135 ; 

yeast and bacteria, 143. 
Morning glor>' embryo, 103. 
Mosquito, malarial, 218; 

yellow fever, 219. 
Moss plant, 177. 
Mother of pearl, 206. 
Motor nerves, ii51. 
Mouth cavity in man, 3(K), 300. 
Mouth parts of bee, :^H. 
Mucous membrane, 299. 
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Mueus cells, 299. 

Musclos and bones, h>^iene, 2(>8. 

Mutations, 253, 400. 

Mutual aid between flowers and 

insects, 41. 
Mycelium, 133. 
Myriapoda, 185. 

Natural environment, 25; 

selection, 253. 
Nectar, 35. 
Need, of food, 272 ; 

of sleep. 'Wi ; 

of ventilaticm, ^^^5. 
Needs of living thiii^rs, 2()(). 
Nerve cells and fatigue, J35(); 

vasomotor, 325. 
Nervous control, ISl ; 

of heart, 325 ; 

of respiration, 334 ; 

of sweat glands, .*M3. 
Nervous system, 271, 349; 

of frog, iJ52. 
Neuron, diagram, 351. 
Newt, 187. 
Nicotine, 293. 

Nictitating membrane of frog, 242. 
Nitrates, 80. 
Nitric acid, 01. 
Nitrogen, SO; 

cycle, 162; 

fixing bacteria, SO, 81, 151 ; 

of air, 20. 
Nodules, 81. 

Normal heat output, 2S.'). 
Nose and throat, diseases, 310. 
Nucleus, 50. 
Nutrients, 273, 274; 

fu(»l values, 277 ; 

in common f(M)ds, 275. 

Objei'l of a field trip, 2S. 
Oils, trst for, ()l. 
OlM'nruluni, 2^^!. 
Ophidia, 1S9. 
Orbit of eve, 3(i0. 
Orchard fruits, 124. 
Organic matter, (>4. 
Organic nutrients, GO. 



Organisms, 47. 
Organs, 47, 48, 180 ; 

of Corti, ;^60 ; 

of excretion, 'Mi ) ; 

of hearing, 358 ; 

of respiration, 3iiO ; 

of taste, 358 ; 

of touch, 357. 
Orthoptera, 30. 
Osmosis, definition, 75 ; 

expi>riment, 100; 

physiological importance, 77. 
Ostrich, 191. 

Outline of courses, 407^14. 
Ovaries of frog, 243. 
Ovary, 36. 
Ovules, 54. 
Oxidation, 64 ; 

in our l>odies, ()5. 
Oxygen cycle, 161 : 

given off by green plants, 95 ; 

of air, 20 ; 

of water, 20. 
Oyster, 199, 200. 

Packard (zoologist), i^l 
Palate, hard and soft, 'M)l. 
Palisade tissue, 86. 
Pancn^as, 305 ; 

of frog, 243 ; 

work of, 305. 
Papillffi, :^)1. 
Pappus, 57. 
Paramownum, 167, 168, 169; 

iMH^ds of, 2()<) ; 

response to stimuli, I >7. 
Para^it<?s, 131. 

Parasitic animals cause dis -use, 227. 
Parasitism, cost and remedy, 2f>.3. 
Parotid, 29<). 
I'jisteur, Ijouis, 401. 
Pasteurization, \M}. 
Pea pod, 55. 
Pt-arls, 20ti. 
i Peetoral fin, 233. 
' Pelvic fin, 2:^3. 
Pepsin, :i03. 
IVptic gland. 304. 
Perfumes, 205. 
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Pericardium, 319. 

Peristal tic waves, 303. 

Personal hygiene, 201. 

P<*rspiration, 343. 

IVtals, ',Mj. 

IVtri <iishes, 140. 

Pha^oj'vtes, 310. 

Pharynx, 3()1. 

Phenol phthalein, 80. 

Phosphoric acid, 82. 

I^hotosynthesis, 9S, 93. 

I'hvsiologv of mold, 133. 

Pistil, 36. 

Pith, 97. 

Placenta; of mammal, 247. 

Plankton, 235. 

Plants, animals depend on, 34 ; 

and animals, mutually helpful, 18 ; 

(classification, 170 ; 

food for insects, 33 ; 

as food makers, 88 ; 

function of parts, 48 ; 

groups, 174; 

need minerals, 80 ; 

need of nitrogen, 80, 8S ; 

processes, 103; 

reproduction, 173. 
Plasma, 313. 

Plasmodium malarisB, 182, 217. 
Pleura, 332. 
Pleurococcus, 166. 
Plumule, 59. 
Pneumonia, 336. 
Pocket garden, 73. 
Poison, alcohol, 291 ; 

ivy, 188; 

produced by alcohol, 347. 
Polar bear, S04. 
Pollen, 30 ; 

germination of, 5Ji, 54. 
Pollination, 36, 40 ; 

cross and self, 40 ; 

wind, 44. 
P(md scum, 173. 
Pons, :«2. 
Porifera, 182. 

Portal circulation, 309, 322. 
Portions, hundred calorie, 286. 
Potato beetle, 214. 



Potato beetle, embryo, 103. 
Premolars, 302. 
Preservatives, 147. 
Prevention of dyspepsia, 310 ; 

of molds, 134. 
IVoboscis, 30. 
Pn)legs, 32. 
I^)nuba. 42, 43. 
l*rotecting forests, 114. 
l^roteins, 00, 273 ; 

making, 93 ; 

test for, 61. 
I*rotopla.sm, 50 ; 

what it (ran do, 52. 
I^otozoa, 172, 182, '205. 
l*rotozoan diseases, 221. 
Pteridophytes, 17(). 
Ptomaines, 144, 147. 
Ptvalin, 300. 
Public hygiene, 389. 
Pulmonary circulation, 320. 
Pulse, cause, 323. 
Pupa of milkweed butterfly, 33. 
Pupil of eye, 360. 
Pure food laws, 288. 
Purpose of digestion, ()9, 296. 
P>iori(f ca»ca, 235. 

Quarantine, 27, 390. 

Elabi(»s, 392. 

lia(M»s of man, 196. 

Radiolaria, 182. 

liadiolarian skeleton, 182. 

Re(»essive characters, 258. 

Rectum, 297. 

Red corpuscles, 313, 314. 

R(^tlex actions, 1^53. 

Regulation of heat of body, M^. 

Relation, of age to diet, 280 ; 

of alcohol to crime, 371 ; 

of alcohol to heredity, 372 ; 

of alcohol to pauperism, 371 ; 

of animals to man, 17 ; 

of bactfTia to free nitrogen, 81 ; 

of bacti^ria to man, Ki ; 

of biology to society, 18; 

of cost of food to diet, 281 ; 

of digestibility to diet, 281 ; 
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Rolation, of environment to diet, 
280; 

of gr<»(^n plants and animals, 15, 
101,168; 

of sex to diet, 28(); 

of work to diet, 277 ; 

of yeasts to man, l.'io. 
Rennin, 'MY^. 
Reproduction, 103, 181 ; 

importance of, 52 ; 

in seed plants, 173, 174; 

of cells, 50 ; 

of Paramoecium, 109. 
Reptiles, 186. 
Reptilia, 188. 
Reserve air, 334. 
Residual air, 3.'J4. 
Respiration, tK), 181 ; 

and alcohol, 340 ; 

and nervous control, 334 ; 

and tobacco, 346 ; 

mechanics of, 332, 333 ; 

necessitj' for, 329 ; 

organs of, 330 ; 

of cells, 338 ; 

of leaves, 90. 
Retina, 300. 
Rhizoids, K^. 
Rhizopoda, 182. 
Rice field, 183. 
Ringworm, 134. 
Roaches, 210. 
Rock fern, 176. 
Rockweed, 176. 
Roots as food, 1 19 ; 

as food storage, 8.3 ; 

downward growth of, 72 ; 

fine structure, 73 ; 

give out acid, 79, 80 ; 

hairs, 74, 76; 

influence of gravity, 72 ; 

influence of moisture, 73 ; 

l)assage of soil water, 70 ; 

pressure, 101 ; 

system, primary, secondary, ter- 
tiary roots, 72 ; 

uses of, 71. 
Rotation of crops, 81. 
Roundworms, 1S3, 228. 



Rules of habit formation, 356. 
Russian thistle, 129. 

Saliva, (iO, 299. 
Salivary glands. 299 ; 

glands of frog, 243. 
Salmon, 801, 841. 
Sand shark, 186. 
Sandworm, 184. 

Sanitarium for tuberculosis, 394. 
Sanitation, 27. 
Saprophytes, 131. 
Scavangers, 150. 
Schleiden and Schwann, 398. 
Schultz, Max, 398. 
Sclerotic coat, 360. 
Sea anemones, 183. 
Secretion, 299, 306. 
Secretions, internal, 317. 
Section, of ear, 369 ; 

of timber. 111. 
Sedgwick, William T., 312. 
Seed, 54 ; 

how scattered, 56 ; 

plants, reproduction, 174 : 

why it grows, 58. 
Seedlings of bean, 63. 
Segmented worms, 183. 
Selection, artificial, 253 ; 

natural, 253. 
Selective planting, 254. 
Semicircular canal, 359. 
Sensations, 350. 
Sense organs, 181 ; 

of fish, 233 ; 

of frog, 242. 
Senses, 357. 
Sensory nerves, 351. 
Sepals, 35. 
Series, animal, 182. 
Serum, 314. 
Sewage disposal, 386. 
Sex, relation to diet, 280. 
Shelf fungi, 138. 
Sieve tubes, 97. 

Simple animal, development, 177. 
Simplest plants, 16(). 
Skeleton, of dog, 186 ; 

of fish, 2.37 ; 
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Skeleton, of leaf , 85; 

of man, S68. 
Skin, 26S ; 

livgiono of, 344. 
Skunk, 205. 
Sleep, need of, 'fiTA'). 
Small intestine, 307, ;^«. 
Smell, sense of, 358. 
Snail, 188. 
Snakes, 189; 

food of, 212. 
Soft palate, 301. 
Soil, composition of, 77 ; 

how water is held in, 77, 78. 
Sound, character of, 3(i0. 
Sour bread, 139. 
Soy beans, 16S. 
Sparrow, S46. 

Spawning habits, economic impor- 
tance, 239. 
Species, 175, 194. 
Sperm, 177. 

Si>ermaries of frog, 243. 
Spermatophytes, 176. 
Spinal cord of fish, 237. 
Spiracles, 29. 
Spirillum, 142. 
Sponge, 180, 182, 183, 206. 
Spore, 131, 173; 

plants, 174. 
Sporozoa, 182. 
Sprengel, Conrad, 40. 
Squash bug, 215. 
Stables, clean and filthy, 388. 
Stamens, 36. 
Starch, action of diastase, 69 ; 

digestion, 299 ; 

grains, 60; 

in bean, 61 ; 

made by green leaves, 90, 9S ; 

test for, 61. 
Starch making and milling, 92. 
Starfish, 184; 

food of, 216. 
Stegomyia, Ml. 
Sterns, as food, 118; 

I)assage of fluids up, 84 ; 

structure of, 97. 
Sterilization, 145. 



Sterilizer, 140. 
Stigma, 36. 
Stimulants, 289. 
Stirrup, 359. 
Stomata, 86, 88. 
Stomach, 297 ; 

digestive experiments, 304 ; 

of frog, 24:^ ; 

of man, 303. 
Street cleaning department, 387. 
Structure, colorless corpuscles, 315; 

of leaf, 85 ; 

of red corpuscle, 314 ; 

of root, 73 ; 

of root hairs, 74. 
Sturgeon, 186. 
Style, 36. 

Sublingual glands, 299. 
Submaxillary glands, 299. 
Suffocation, 340. 
Sulphur, 149. 
Sun, source of energy, 88. 
Sundew, 102. 
Sunlight in home, 374. 
Sweat glands, 34S. 
Sweeping and dusting, 336. 
Swim bladder of fish, 236. 
Symbiosis, 163. 
Sympathetic nerves, 352 ; 

nervous system, 304, 350. 
SyphUis, 152, 156. 
Systemic circulation, 320. 

Table of cost of food, S76, S8S. 
Tactile corpuscles, 357. 
Taenia solium, 227. 
Tapeworm, S27. 
Taproot, cross section, 74. 
Taste buds, 301, 358. 
Teeth, SOI. 
Teleosts, 187. 
Temperature, 417 ; 

of blood, 318. 
Tern, 190. 
TesU, 59. 
Test, for carbon dioxide, 64 ; 

nutrients, 61, 68. 
Thallophytes, 17<). 
Thoracic duct, 324. 
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Tidal air, 334. 

Timber, methods of cutting, 111. 

Tissue cells, 49, 179. 

Toad, use of, 2()9. 

Tobacco an<i <nr<^ulatioii, 328 ; 

and respiration, 346; 

users of, 293. 
Tortoises 188. 
Touch, .'i.')?. 
Tourniquet, 320. 
Toxin, 152, 310. 
Trachea, 185. 
Transpiration, 85, 87. 
Transimrtation of lunil)or, 110, 111. 
Treatment of cuts and bruises, 

326. 
Trees, need of city, 115; 

preventing erosion, 108; 

regulate water supply, 105 ; 

value of, 105. 
Trichina, SS8. 
Trichinosis, 228. 
Trillium, 178. 
Trout, development, 838. 
Trypanosomes, 221. 
Tuberculosis, 152, 163; 

and milk, 381 ; 

how to fight, 393, 394. 
Tussock moth, SI 5. 
Twig, section of, 98. 
Tympanic membrani\ .'i58. 
Tympanum of frog, 242. 
Tyndall box, 399. 
Typhoid, 884, 385 ; 

and diarrhea, 300. 
Typhoid fever, 152, 155, 388. 

Unit characters, 258. 
Urc^ter, 342. 
Urethra, 342. 
Urine, 341. 
Urodc^la, 188. 
Uses, of animals, 198 ; 

of antibodies, 31 fi; 

of green plants, 117 ; 

of ice, 377 ; 

of nutrients, 274 ; 

of protozoa, 172. 
Uterus of a mammal, 847. 



Vaccination, 157, 221, 391. 
Vacuoles, contracting, 168. 
Value, of insects, 208 ; 

of trees, 105. 
Valves, 185, 319 ; 

in vein, 384. 
Variation, 250. 
Vasomotor nerves, 325. 
Vegetable fibers and oils, 127. 
Veins, 318; 

function and structure, 32.3 ; 

valves, 384. 
Venae cavse, 322. 
Ventilation, 335, 1338. 
Ventricle, 319 ; 

of fish heart, 236. 
Venus fly trap, 102. 
Vermiform appendLx, 309. 
Vertebral column, 18(). 
Vertebrates, breathing of, 232. 
Villi, 308. 

Virginia creeper, 128. 
Vu-us, 392. 
Vitreous humor, 361. 
Vorticella, 171, 178. 
Vries, Hugo de, 253, 406. 

Warner, Chas. Dudley, 211. 
Waste of food, 287. 
Water, 275 ; 

composition of, 80 ; 

impure, 289 ; 

supplv, 383. 
Weed, 48, 128. 
Weights, 417. 
Wheat crop, 121, 188. 
Wild orchid, 40. 
Windpipe, liOO, 301. 
Wood. us(»s of, 1 10. 
Work of cells, 270 ; 

of Department of Agriculture, 255 ; 

relation to diet, 277. 
Worms, 183. 

Yeasts, i:^, 138, 139 ; 

relation to man, Vi5. 
Yellow fever mosquito, 219. 
Yuc<5a, 42, 43. 

Zygospore, 174. 
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